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PREFACE. 


By  F.  L.  Ransome. 


In  response  to  numerous  requests  from  persons  interested  in  the 
development  of  the  mineral  resources  of  Wyoming  and  desirous  that 
reliable  information  concerning  them  should  be  published,  A.  C. 
Spencer,  geologist,  was  detailed  in  1914  to  make  an  economic  recon- 
naissance of  the  region  adjacent  to  South  Pass  City,  Miners  Delight, 
and  Atlantic  City,  in  Fremont  County,  and  of  parts  of  the  North  Lar- 
amie Moimtains,  in  Converse  and  Albany  counties.  The  two  areas 
examined  by  Mr.  Spencer  lie  about  125  miles  apart,  the  Atlantic  gold 
district  being  in  west-central  Wyoming  about  20  miles  south  of  Lan- 
der, and  the  North  Laramie  Mountains  in  the  southeastern  part  of 
the  State,  south  of  Douglas  and  Casper. 

The  Atlantic  district  has  produced  considerable  gold,  estimated  by 
Mr.  Spencer  at  about  $1,500,000,  although  other  estimates  vary  up 
to  nearly  $6,000,000.  No  large  mine  has  been  developed  in  the  dis- 
trict, however,  and  of  late  years  mining  activity  has  declined.  In 
the  North  Laramie  Mountains  mining  development  remains  in  the 
prospecting  stage.  In  both  regions  the  lode  deposits  occur  in  schists 
of  pre-Cambrian  age,  partly  with  quartz  in  distinct  fissures  and  partly 
as  tabular  or  lenticular  bodies  of  rock  through  which  the  sulphides 
are  distributed.  These  bodies  are  aligned  in  more  or  less  definite 
belts  in  the  schist.  The  chief  metal  in  the  prospects  of  the  North 
Laramie  Mountains  is  copper,  although  other  metals  are  also  present 
in  most  of  the  lodes. 

The  area  shown  on  the  geologic  map  of  the  North  Laramie  Moun- 
tains (PI.  IV),  which  is  based  largely  on  the  work  of  N.  H.  Darton, 
overlaps  to  the  south  an  area  previously  mapped  geologically  on  the 
same  scale  by  Darton  and  Siebenthal  *  and  to  the  north  the  area  cov- 
ered by  Darton's  geologic  map  of  the  central  Great  Plains.*  Adjacent 
to  it  on  the  west  is  an  area  that  will  be  covered  by  a  map  to  accom- 
pany a  report  now  in  preparation  by  C.  J.  Hares.     The  work  on  which 

1  Darton,  N.  H.,  and  Siebenthal,  C.  E.,  Geology  and  mineral  resources  of  the  Laramie  Basin,  Wyo.:  U.  S. 
Geo!.  Survey  Bull.  364, 1900. 

>  Darton,  N.  H.,  Preliminary  report  on  the  geology  and  underground  water  resources  of  the  central  Great 
Plains:  U.  S.  Geol.  Survey  Prof.  Paper  32,  pi.  35, 1905. 
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8  PEEFAC£. 

the  present  report  is  based,  while  of  course  not  of  detailed  character, 
has  distinct  general  value  in  connecting  other  areas  where  geologic 
work  has  been  or  is  being  carried  on. 

Regarding  the  mines  and  prospects  in  the  two  districts  described, 
the  report  presents  reliable  statements  of  facts  and  conditions  which 
it  is  hoped  may  be  of  use  to  those  specially  interested  in  these  deposits. 
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THE  ATUNTIC  GOLD  DISTRICT,  FREMONT  COUNTY, 

WYOMING.        •'>":    . 


By  Abthur  C.  Spencer. 


•  M  ^  • 


•  - 
•  •  • 


INTRODUCTION- 

In  September,  1914,  the  writer  spent  three  weeks  in  the  vicinity 
of  Atlantic  City,  in  southern  Fremont  Coimty,  Wyo.  Although  only 
a  short  time  could  be  devoted  to  the  study  the  writer  was  confronted 
by  the  problem  of  adding  to  information  contained  in  two  excellent 
reports,  one  by  the  late  W.  C.  Knight  and  the  other  by  L.  W.  Trumbull, 
the  present  State  geologist  of  Wyoming.  Prof.  Knight  has  given  not 
only  a  very  adequate  description  of  the  general  geologic  f eatm-es  of 
the  Sweetwater  district,  which  includes  the  Atlantic  district  and  the 
Lewiston  district  (formerly  known  as  the  Overland  district),  lying  to 
the  east,  but  also  the  results  of  his  own  laboratory  tests  in  order  to 
determine  the  amenability  of  the  gold  ores  to  amalgamation,  to 
chlorination,  and  to  cyanidation.  From  his  observations  he  was  led 
to  make  specific  suggestions  which  are  of  great  practical  significance. 
Prof.  Trumbull  has  providdfl  a  sketch  map  upon  which  the  principal 
geologic  features  of  the  Atlantic  district  are  shown. 

As  it  appeared  to  be  impracticable,  under  the  circumstances  of 
inactivity  existing,  to  add  materially  to  the  technical  data  given  in 
Knight's  report,  the  writer  decided  to  turn  his  attention  to  making 
a  geologic  map  of  the  Atlantic  district  that  should  be  more  detailed 
than  the  one  presented  by  Trumbull.  In  making  certain  practical 
suggestions  the  influence  of  conclusions  drawn  by  the  geologists 
already  referred  to  is  acknowledged. 

SITUATION  AND  GENERAIj  FEATURES. 

Atlantic  City  is  in  Fremont  County,  Wyo.,  23  miles  due  south  of 
Lander,  or  about  28  miles  by  wagon  road.  Lander  is  the  terminus  of 
the  Wyoming  &  Northwestern  Railway  which  connects  with  the 
Chicago  &  Northwestern  Railway  at  Casper.  The  elevation  at  Lan- 
der is  5,360  feet;  at  Atlantic  City,  7,683  feet;  at  South  Pass  City, 
7,803  feet.  The  name  Atlantic  district  is  used  in  this  report  for  the 
region  about  Atlantic  City,  including  the  environs  of  South  Pass  City, 
4  miles  southwest,  and  of  Miners  Delight,  3}  miles  northeast. 
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The  Atlantic  district  and  thQ-Urger  Sweetwater  gold  coiintry,  of 
which  it  forms  a  part  geolo^cdUy;'lies  entirely  within  the  Missouri 
River  basin,  South  Pass,  wi'^jihe  Continental  Divide,  being  about  10 
miles  southwest  of  SoutlvPiss'City.  (See  figs.  1  and  2.)  A  small  part 
of  the  district  northfd&t  of  Atlantic  City  is  drained  by  Beaver  Creek, 
a  tributary  of  Bppo-A^e  River.  The  Popo  Agie  joins  Wind  River 
near  Rivertpn  \p;-form  the  northward-flowing  Bighorn  River,  whose 
waters,  collected  on  the  northeast  side  of  the  Wind  River  Range, 
join  th6&**of  the  Yellowstone  in  Montana.  The  remainder  of  the 
drfuila^'goes  by  way  of  Rock  Creek  and  Willow  Creek  to  Sweetwater 


FiouBE  1.— Drainage  and  railroad  map  of  Wyoming. 

River.  The  upper  tributaries  of  the  Sweetwater  drain  the  wes't 
side  of  the  Wind  River  Range  as  far  as  a  point  opposite  Lander  and 
the  head  of  the  Middle  Fork  of  Popo  Agie  River,  a  tributary  of  the 
Bighorn  system.  The  Sweetwater  flows  parallel  with  the  southeast- 
ward-trending axis  of  the  Wind  River  uplift  to  a  point  about  10  miles 
south  of  South  Pass  City,  where  it  assmnes  a  more  easterly  course 
on  its  way  to  join  the  North  Platte.  The  Sweetwater  and  Popo 
Agie  headwaters  drain  the  high  mountains  at  the  southeast  end  of  the 
lofty  and  rugged  Wind  River  Range,  which  extends  for  nearly  100 
miles  to  the  northwest-  Toward  the  southeast  the  structural  axis  of 
\e  range  may  be  recognized  for  a  distance  of  20  miles,  but  in  this 
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direction  the  general  elevation  gradually  decreases  and  the  country 
becomes  less  aud  less  rugged.  The  Atlantic  district  lies  about  mid- 
way between  the  high  mountains  and  Sweetwater  Valley.     Here 


2.— Hap  of  port  of  Framont  County,  W70.,  showing  sitoation  of  the  Atlantic  gold  district  and 

general  geologic  features  of  the  region. 

Rock  Creek  has  cut  a  gorge  500  to  600  feet  below  the  height  of  land 
on  either  side,  and  WiQow  Creek  has  excavated  a  vaUey  from  200  to 
500  feet  deep.  Through  erosion  along  tributary  drainage  channels 
the  region  has  come  to  have  a  markedly  rolUng  character,  but  the 
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impression  of  a  southward-sloping  plain,  of  which  the  interstream 
areas  form  parts,  is  strikingly  presented  from  points  of  yiew  south  of 
Atlantic  City  or  from  the  edge  of  Willow  CSreek  canyon  below  South 
Pass  City.  Consonant  with  the  southerly  slope  of  the  region  as  a 
whole  nearly  all  the  tributaries  both  of  Rock  Creek  and  of  Willow 
Creek  come  in  from  the  north.  Below  Atlantic  City  the  Willow 
Creek  tributaries  head  practically  at  the  edge  of  the  Rock  Creek 
Canyon. 

Though  the  district  is  one  of  considerable  relief,  the  slopes  are 
commonly  smooth  except  locally  along  some  of  the  principal  canyons, 
and  almost  any  point  may  be  easily  reached  by  wagons. 

The  three  principal  creeks  of  the  district  are  perennial  streams, 
the  waters  of  which  have  been  used  in  a  small  way  for  sluice  Tnining 
and  to  furnish  power  for  stamp  mills.  They  are  not,  however,  of 
sufficient  volume  to  be  considered  alone  as  of  importance  in  the  future 
development  of  the  district,  though  if  reinforced  by  waters  from 
Popo  Agio  River,  Rock  Creek  offers  some  possibiUties. 

There  is  no  saw  timber  in  the  district,  and  mine  timber  is  practically 
lacking,  excepting  in  very  small  areas,  mainly  within  the  Washakie 
National  Forest.  Both  may  be  obtained,  however,  should  the  need 
arise,  from  localities  within  the  national  forest  10  to  15  miles  to  the 
north.  Wood  for  fuel  is  hauled  from  8  to  12  miles,  but  only  dead  wood 
is  obtainable  for  this  purpose,  at  a  cost  of  $3.50  to  $5  a  cord.  Such 
sparse  tree  growth  as  the  immediate  region  originally  supported  has 
been  greatly  depleted,  but  firewood  for  prospectors'  camps  is  furnished 
by  aspen,  nut  pine,  and  jack  pine  growing  in  favored  localities. 
Tlu'oughout  this  foothill  region  there  is  an  abundant  growth  ^f  dry- 
land grasses  affording  summer  range  for  beef  cattle  and  for  sheep. 
Several  hay  ranches  are  profitably  operated  in  irrigable  valleys 
within  10  or  15  miles  of  Atlantic  City,  and  along  the  Sweetwater 
this  industry  could  undoubtedly  be  extended. 

OEOIiOGT  OF  THE  OENERAIj  REOIOX. 

The  Wind  River  range  is  reported  by  geologists  who  have  visited 
it  to  be  composed  of  granite,  granitic  gneiss,  and  hornblende  schist. 
The  central  line  of  the  range  coincides  with  the  northwestward- 
trending  axis  of  a  broad  arch  along  which  for  more  than  100  miles 
the  ancient  crystalline  rocks  have  been  upthrust  and,  through  the 
erosion  of  overlying  formations,  exposed  throughout  a  zone  from  20 
to  30  miles  wide.  (See  PI.  I.)  Along  the  southwest  side  of  this 
zone  the  crystalline  rocks  are  overlapped  by  glacial  deposits  and  by 
formations  of  Tertiary  age  that  were  deposited  long  after  the  up  thrust- 
ing of  the  arch  and  after  the  greater  part  of  the  erosion  had  taken 
place.  Here  the  flanks  of  the  fold  are  not  generally  exposed,  but  the 
anticlinal  structure  is   adequately   exhibited   by   the   presence   of 
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Paleozoic  rocks  where  Green  River  emerges  from  the  mountains, 
and  again  at  Pacific,  about  14  miles  southwest  of  South  Pass  City. 
On  the  northeast  stratified  rocks  ranging  in  age  from  Cambrian  to 
late  Cretaceous  are  found  tilting  away  from  the  high  mountains,  the 
harder  and  more  resistant  formations  forming  long  hogbacks  parallel 
with  the  range,  and  the  softer  formations  appearing  along  intervening 
valleys.  The  Cambrian  and  younger  rocks  are  in  an  essentially 
unmetamorphosed  condition.  Parallel  with  the  Wind  River  arch 
there  is  a  line  of  elongated  domes  passing  east  of  Lander.  These 
domes  have  been  prospected  for  oil  with  some  success. 

The  manner  in  which  the  lower  formations  of  the  stratified  series 
rise  along  the  side  of  the  Wind  River  arch  may  be  seen  from  Lander. 
On  the  way  from  Lander  to  Atlantic  City,  in  cliffs  on  the  northeast 
side  of  Red  Canyon,  are  seen  the  basset  edges  of  the  red  Chugwater 
formation,  and  across  the  valley  is  a  grassy  incline  which  is  essentially 
a  dip  slope  formed  by  the  resistant  upper  beds  of  the  Embar  forma- 
tion. By  climbing  to  the  divide  between  Red  Canyon  and  Twin 
Creek  and  looking  back  the  traveler  may  see  the  structure  of  this 
side  of  the  arch  in  diagrammatic  clearness.  Along  the  road  to  the 
head  of  Twin  Creek  lower  and  lower  formations  are  exposed,  and  the 
Cambrian  sandstone  at  the  base  of  the  series  of  noncrystalline  forma- 
tions crops  out  at  Beaver  Creek  crossing. 

Midway  between  Beaver  Creek  and  Atlantic  City,  to  the  east  of 
the  mail  road,  rises  Peabody  Hill.  From  the  top  of  this  elevation 
one  may  look  east  and  see  the  bold  escarpment  formed  by  massive 
Paleozoic  limestones,  trending  northwest  to  the  divide  between 
Beaver  Creek  and  the  Little  Popo  Agie  and  southeastward  in  the 
direction  of  Lewiston.  To  the  west  are  high  granite  peaks  rising 
above  a  general  platform.  This  platform,  though  greatly  dissected, 
appears  to  merge  with  the  general  surface  reached  by  the  interstream 
areas  in  the  foothill  region  west  and  southwest  from  Peabody  Hill. 
As  already  noted,  the  surface  slopes  in  a  general  southerly  direction 
as  far  as  Sweetwater  Valley,  beyond  which  the  pre-Cambrian  rocks 
are  covered  by  Tertiary  formations. 

The  marked  lowering  and  disappearance  of  the  range  between 
Atlantic  Peak  and  the  Sweetwater  is,  with  little  doubt,  the  result  of 
a  gentle  plunging  of  the  broad  anticlinal  fold  toward  the  southeast, 
and  the  sloping  platform  that  has  been  described  is  probably  not  far 
below  the  surface  on  which  the  lowest  Paleozoic  formations  were 
deposited. 

From  a  northeastward-trending  line  that  meets  the  Paleozoic 
escarpment  north  of  Beaver  Creek  southeastward  to  Lewiston  and 
beyond  there  are  highly  metamorphosed  rocks,  mainly  derived  from 
old  sediments,  that  may  be  grouped  under  the  general  term  schist. 
(See  fig.  2.)     Northwest  of  this  area  granite  is  the  principal  rock. 
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and  between  Lewiston  and  the  point  where  the  Sweetwater  breaks 
through  the  northeastward-dipping  Paleozoic  beds  granites  again 
appear.  A  short  distance  west  of  South  Pass  City  the  schists  are 
broken  by  coarse  red  granite,  and  beyond,  near  Sweetwater  crossing, 
there  are  gneisses  interlayered  with  coarse  granite  or  pegmatite.^ 

Enight  ^  indicates  the  existence  of  two  synclinal  folds  within  the 
sedimentary  area,  their  axes  trending  somewhat  north  of  east. 
One  of  these  folds,  the  axis  of  which  passes  north  of  Atlantic  City, 
has  been  recognized  by  the  present  writer.  The  axis  of  the  other 
fold  lies  about  2  miles  north  of  Lewiston.  Except  in  a  very  few 
places  the  strata  are  everywhere  highly  inclined  and  as  a  rule  they 
stand  nearly  vertical.  All  the  prominent  folds  in  the  pre-Cambrian 
rocks  trend  northeast,  or  almost  directly  across  the  axis  of  the  Wind 
River  anticline. 

The  occurrence  of  gold  in  this  region  in  amounts  that  have  stimu- 
lated mining  activity  appears  to  be  definitely  related  to  the  presence 
of  igneous  rocks  that  cut  the  schists,  such  intrusions  being  present 
both  in  the  Atlantic  Gty  and  South  Pass  belt  and  in  the  Lewistod 
district. 

GEOIiOGY  OF  THE  ATLANTIC  DISTRICT. 

BOCKS  PBBSSNT. 

The  rocks  occurring  in  the  Atlantic  district  are  crystalline  schists 
derived  largely  from  ancient  stratified  formations,  serpentine, 
amphibohtes  representing  diorites  that  have  been  strongly  meta- 
morphosed, quartz  porphyry,  and  granite.  The  layering  in  the 
schists  shows  persistent  northeasterly  strikes  and  steep  dips,  and 
bodies  of  invading  igneous  rocks  conform  with  this  general  structure. 
(See  PI.  I.) 

S(3HISTS. 
SCHISTS  OF  THE  CENTRAL  ATLANTIC  BELT. 

The  rocks  here  grouped  under  the  class  name  schist  are  in  the 
main  strongly  metamorphosed  sediments,  but  with  these  are  included 
certain  strongly  sheared  green  rocks,  occurring  in  the  northwestern 
part  of  the  district,  that  are  supposed  to  have  been  derived  from 
basic  igneous  rocks.  In  the  definitely  sedimentary  portion  of  the 
metamorphic  complex  the  rocks  appear  to  have  been  mainly  shales, 
sandy  shales,  and  fine-grained  sandstones,  the  first  two  greatly 
predominating.  In  places  the  beds  are  somewhat  calcareous,  but  no 
limestone  layers  have  been  noted.    At  several  places  in  the  vicinity 

» Hayden,  F.  V.,  U.  8.  QeaH.  Survey  Terr.  Fourth  Ann.  Kept.,  p.  38, 1871. 

>  Knight,  W.  C,  The  Sweetwater  mining  district,  Fremont  County,  Wyo.;  Wyoming  Univ.  OeoL 
Survey  BuH.,  June,  1901. 
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of  Atlantic  City  and  to  the  north  and  northeast  there  are  exposures 
of  graphite  schist.  Near  the  Rose  mine  and  on  the  west  side  of 
Rock  Creek,  1  mile  north  of  Atlantic  City,  there  are  sandy  beds 
that  carry  knots  of  chiastolite  about  the  size  and  shape  of  almond 
kernels.     This  rock  is  known  locally  as  peanut  rock. 

In  addition  to  the  fine-grained  sediments,  conglomerate  occurs 
along  two  hnes  of  exposure.  Though  here  called  conglomerate  this 
rock  may  have  been  originally  a  volcanic  agglomerate  or  breccia. 

The  sediments  are  everywhere  in  a  thoroughly  metamorphosed 
condition.  Most  of  them  contain  mica  as  the  principal  mineral  of 
secondary  derivation.  In  some  places  a  marked  cleavage  or  schis- 
tosity  is  to  be  noted,  but  elsewhere  the  rocks  are  not  greatly  sheared, 
and  it  is  perhaps  proper  to  call  such  rocks  graywackes  rather  than 
schists.  The  conglomerates  mentioned  above  are  everywhere 
greatly  mashed,  the  original  rock  fragments  being  flattened  so  that 
they  form  lenses  or  thin  layers  that  are  separated  by  a  felt  of  horn- 
blende. 

STRUCTURE  OF  THE   SCHISTS. 

Throughout  the  schist  area  the  stratification  is  almost  everywhere 
readily  discernible,  and  in  general  the  sediments  are  thinly  bedded. 
So  far  as  observed  where  schistosity  is  present  the  secondary  structure 
is  parallel  with  the  original  bedding. 

In  the  greater  part  of  the  district  the  rock  layers  stand  nearly 
on  edge  and  the  strike  ranges  from  about  N.  15°  E.  to  N.  30°  E. 
However,  west  of  South  Pass,  near  the  locality  where  the  schists 
^ve  place  to  granite,  low  dips  toward  the  east  and  northeast  were 
observed,  and  both  on  Willow  Creek  below  South  Pass  City  and  on 
Rock  Creek  below  Atlantic  City  the  strata  dip  to  the  southeast. 

In  the  area  that  was  most  carefully  studied  the  fine-grained 
sediments,  exclusive  of  the  graphite-bearing  layers,  are  all  very 
similar  in  appearance,  and  so  far  as  the  graywackes  are  concerned 
there  are  no  beds  or  groups  of  beds  that  can  be  followed  far  enough 
to  make  them  of  any  aid  in  the  working  out  of  folds.  Below  South 
Pass  City,  near  the  mouth  of  Hermit  Gulch,  there  are  massive  beds 
of  fine-grained  micaceous  sandstone  that  might  serve  this  purpose, 
but  these  layers  were  not  traced  and  corresponding  strata  were  not 
noted  along  the  canyon  of  Rock  Creek. 

Clues  that  have  been  found  to  indicate  the  structure  within  the 
district  are,  first,  a  curving  boundary  convex  to  the  west  between 
the  schist  area  and  the  granite  country  northwest,  west,  and  south- 
west of  South  Pass  City,  and  low  easterly  dips  in  the  vicinity  of 
this  boundary;  second,  the  two  bands  of  conglomerate  occurring 
north  of  Atlantic  City  on  the  east  side  of  Rock  Creek;  third,  southerly 
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dips  of  the  rock  layers  along  Willow  Creek  near  the  mouth  of  Hennit 
Creek  and  along  Rock  Creek  2  miles  below  Atlantic  City. 

The  structure  near  Atlantic  City  is  essentially  isoclinal,  in  that 
the  rock  layers  lie  nearly  parallel  among  themselves,  but  the  two 
bands  of  conglomerate  afford  very  good  evidence  that  the  beds 
are  here  repeated  and  that  two  sides  of  a  fold  are  represented.  The 
axis  of  this  fold  crosses  Rock  Creek  about  1^  miles  above  Atlantic 
City  and  can  be  traced  eastward  to  the  Paleozoic  overlap  half  a  mile 
south  of  Miners  Delight.  Toward  the  west  the  conglomerate  bands 
have  not  been  identified,  and  though  in  this  direction  the  fold  is  ob- 
scure the  continuation  of  its  axis  would  strike  the  locality  west  of 
South  Pass  City,  where  the  low  easterly  dips  and  the  curving  boundary 
of  the  schists  against  granite  indicate  the  existence  of  a  trough  or 
syacline  plimging  toward  the  east.  From  this  correspondence  the 
closely  appressed  Atlantic  fold  is  regarded  as  a  syncline.  The 
southerly  dips  observed  farther  south  do  not  conform  with  the 
requirements  of  a  simple  syncline  but  could  be  explained  as  the 
result  of  a  strike  fault  by  which  the  north  side  of  an  adjacent  anti- 
cline had  been  cut  out.  There  is  a  strong  presumption  that  such  a 
fault  exists  a  short  distance  south  of  Atlantic  City. 

If  in  future  studies  the  conglomerate  layer  is  found  south  of  the 
Atlantic  district,  it  seems  that  eventually  it  will  be  possible  to  work 
out  the  structure  within  the  area  of  altered  sediments  in  some  detail. 

SCHISTS  DERIVED   FROM   IGNEOUS   ROCKS. 

Northwest  of  the  main  area  of  sedimentary  rocks  there  is  a  zone 
occupied  principally  by  green  chlorite  schists,  which,  though  they 
have  not  been  closely  studied,  have  probably  been  derived  from 
some  basic  igneous  rock.  Southwestward  from  the  point  where  it 
crosses  Rock  Creek  the  southern  boundary  of  these  schists  has 
been  located  in  a  general  way,  but  to  the  northeast  the  boundary 
between  the  sediments  and  the  green  schists  was  not  traced.  South- 
west of  Rock  Creek  the  far  boundary  of  the  green  schists  is  against 
granite  that  occurs  in  a  band  from  one-fourth  to  one-half  mile  wide. 
Beyond  this  granite  there  is  a  zone  perhaps  half  a  mile  wide  in 
which  granites  and  hornblende  schists  occur  in  alternation,  and  to 
the  northwest  is  massive  granite. 

From  Slate  Creek  to  Beaver  Creek  the  green  schists  are  partly 
hidden  by  a  deposit  of  loose  rock  dfibris  that  may  be  of  glacial  origin. 
The  covered  area  is  about  half  a  mile  in  width. 

HAGNETITE  SCHISTS  IN  THE  NORTHERN  PART  OP  THE  DISTRICT. 

Distribution  and  general  character. — Northwest  of  the  covered  area 
just  referred  to  is  a  zone  occupied  mainly  by  magnetite,  mica,  and 
chlorite  schists.     These  schists  are  almost  completely  cut  out  by 


GEOLOGY.  17 

granite  west  of  Rock  Creek,  but  they  extend  from  this  place  north- 
eastward to  and  beyond  Beaver  Creek.  Near  Rock  Creek  canyon 
the  zone  is  about  half  a  mile  wide,  but  toward  the  Beaver  Creek  end 
fully  three-fourths  of  its  width  is  covered  by  the  dfibris  deposits.  The 
schists  and  accompanying  bodies  of  intrusive  diorite  stand  nearly  ver- 
tical or  dip  steeply  to  the  southeast,  and  the  strikes  are  everywhere 
northeast.  Northwestward  across  the  sclusts  the  ferruginous  mem- 
bers are  succeeded  by  several  hundred  feet  of  shining  mica  schists. 
Where  exposures  are  favorable  a  bed  of  quartzite  from  25  to  50  feet 
thick  is  foimd,  and  not  far  beyond  this  bed  there  are  interlayered 
schists,  granite  gneisses,  and  granite,  occupying  a  zone  about  1,000 
feet  wide. 

As  only  one  day  could  be  devoted  to  a  study  of  this  belt  it  was  im- 
possible to  map  the  magnetite  schists  completely,  but  from  the  occur- 
rences that  have  been  plotted  on  Plate  I  the  conclusion  may  be  fairly 
drawn  that  they  are  distributed  throughout  a  zone  about  2,500  feet 
wide  and  2^  miles  long.  The  outcrops  north  of  Beaver  Creek  were 
observed  only  from  a  distance,  but  the  inference  that  the  iron  sclusts 
are  present  in  two  prominent  knolls  was  conjSrmed  by  statements  of 
prospectors  familiar  with  the  ground.  Here  the  deposits  are  capped 
by  the  Cambrian  sandstone  which  forms  the  base  of  the  Paleozoic 
succession  in  this  region. 

In  the  NW.  i  sec.  25,  T.  30  N.,  R.  100  W.,  the  more  southerly  ex- 
posures show  platy  magnetite  schists  that  are  more  than  commonly 
siliceous,  and  these  rocks  are  interlayered  with  mica  sclusts.  Be- 
tween these  iron-bearing  beds  and  others  forming  a  prominent  ridge 
nearly  1,000  feet  to  the  northwest  there  are  soft  mica  and  chlorite 
sclusts.  Very  prominent  exposures  of  the  iron-bearing  rock  are  to  be 
seen  along  the  east  rim  of  Rock  Creek  canyon  in  sec.  26  and  on  the 
west  side  of  the  creek  in  sec.  35. 

The  conclusion  is  reached  that  here  the  aggregate  width  of  the  mag- 
netite bands  is  not  less  than  1,500  feet.  Individual  layers  of  iron- 
bearing  rock  from  40  to  250  feet  wide  are  separated  either  by  bodies 
of  granular  diorite  or  by  chloritic  sclusts  which  are  probably  strongly 
sheared  diorites.  All  the  magnetite-bearing  rock  is  very  schistose  or 
slaty. 

The  magnetite  schists  considered  as  iron  ore. — ^The  occurrence  of  iron- 
bearing  rock  raises  the  question  of  the  possible  economic  value 
of  the  deposits.  Chemical  analyses  were  made  of  general  samples 
from  four  of  the  magnetite  bodies  that  crop  out  on  the  ridge  east  of 
Rock  Creek  (marked  1  to  4  on  the  map,  PI.  I).  Essentially  contin- 
uous exposures  were  found,  and  samples  weighing  from  5  to  7  pounds 
were  taken  by  chipping  across  the  ledges  at  intervals  of  about  2  feet. 
Sanoiple  1  represents  about  180  feet  of  rock;  sample  2,  150  feet;  sam- 

20142^— BuU.  62&— 16 2 
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pie  3,  180  feet;  and  sample  4,  250  feet.    The  results  of  the  analyses 
are  as  follows: 

Partial  chemical  analyses  of  magnetite  schiete^  AtlarUic  district^  Wyo. 
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Rock  carrying  from  37  to  43  per  cent  of  iron  and  from  40  to  47  per 
cent  of  insoluble  matter  can  not  be  profitably  smelted,  and  the  con- 
clusion is  drawn  that  material  of  this  grade  could  be  utilized  only  by 
submitting  it  to  some  process  of  concentration.  In  general  the  mag- 
netite rock  is  very  fine  grained,  dense,  and  hard.  Crushing  would 
be  expensive,  as  extremely  fine  crushing  would  be  necessary  in  order 
to  free  the  grains  of  magnetite  from  those  of  the  siliceous  minerals. 
It  therefore  seems  that  the  rock  would  not  be  readily  amenable  to 
concentration. 

The  siliceous  impurities  in  specimens  of  the  best  appearance  are 
pyroxene,  hornblende,  or  chlorite,  and  in  lower-grade  materials 
jaspery  silica  was  noted.  In  some  of  the  rock  the  jasper  occurs  in 
layers,  no  more  than  a  few  himdredths  of  an  inch  thick,  but  elsewhere 
the  layers  of  siliceous  matter  may  be  as  wide  as  one's  finger.  Minute 
seams  of  limonite,  which  are  of  rather  common  occurrence,  indicate 
the  former  presence  of  pyrite,  so  that  the  unweathered  rock  will 
doubtless  contain  a  small  amount  of  sulphur. 

The  fact  that  in  taking  the  sajnples  mentioned  above  there  was  no 
selection  as  between  materials  of  better  or  poorer  appearance  leaves 
room  for  the  possibility  that  there  may  be  layers  of  the  iron-bearing 
rock  which  contain  50  per  cent  or  more  of  iron  and  which  could  be 
separately  xnined.  It  is  believed  that  this  point  is  worthy  of  further 
investigation.  If  the  existence  of  no  more  than  5,000,000  or  6,000,000 
tons  *  of  iron  ore  fit  for  the  blast  furnace  without  preliminary  treat- 
ment could  be  established,  the  district  would  be  placed  in  a  very 
favorable  situation  with  respect  to  proposed  railroad  extensions. 

SBBPBNTINE  AND  ASBESTOS. 

Four  bodies  of  serpentine  are  shown  on  the  accompanying  map 
(PL  I).  The  serpentine  body  occurring  in  the  southwest  comer  of 
sec.  34,  T.  30  N.,  R.  100  W.,  has  not  been  prospected,  or  at  least  no 
pits  have  been  dug  in  it,  but  along  the  other  bodies  asbestos  claims 
have  been  located  and  some  prospecting  has  been  done.  Nothing 
of  any  promise  was  noted  either  at  pits  near  the  east  side  of  sec.  34 

1  Allowing  for  a  specific  density  of  4,  a  body  of  50  per  cent  Iron  ore  10  feet  wide  and  IfiOO  feet  long  woold 
contain  125,000  tons  for  each  100  feet  in  depth. 
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or  at  others  in  the  NE.  i  NE.  l  sec.  26.  In  the  fourth  and  largest 
mass  of  serpentine  pits  have  been  opened  at  several  points,  and  during 
the  summer  of  1914  prospecting  by  William  Brice,  of  Lander,  dis- 
doeed  some  very  good  asbestos.  The  workings  are  still  very  shallow, 
so  that  much  of  the  material  shows  deterioration  due  to  weathering. 
This  is  particularly  true  at  one  locality  where  fiber  more  than  1  inch 
in  length  occurs  in  considerable  amounts.  Both  the  alterod  and  the 
entirely  fresh  mineral  has  the  softness  which  is  a  characteristic  of 
high-grade  asbestos  and  if  worked  up  between  the  teeth  forms  a  felt 
free  from  grit.  The  greater  part  of  the  asbestos  thus  far  found  shows 
fibers  less  than  half  an  inch  long,  and  commonly  seams  of  such 
material  are  closely  spaced  so  that  they  form  veins  from  1  to  2  inches 
wide.  A  favorable  feature  of  this  locality  is  the  fact  that  imme- 
diately to  the  north  there  are  intrusive  masses  of  granite  ^  yoimger 
than  the  serpentine. 

INT&XTSIVE  BOCKS. 

DiosrrE. 

The  most  abundant  intrusive  rocks  occurring  within  the  general 
area  of  the  metamorphosed  sediments  now  appear  as  amphiboUte. 
This  name  is  commonly  used  to  include  hornblende-bearing  rocks  in 
which  the  hornblende  (and  in  many  rocks  other  essential  mineral 
constituents)  has  been  formed  as  tiie  result  of  a  thorough  meta- 
morphism  of  basic  igneous  rocks.  It  is  often  impossible  to  determine 
whether  the  original  rock  was  gabbro,  diabase,  or  diorite.  The 
mineral  composition  of  rocks  of  this  sort  occurring  in  the  Atlantic 
district  is  like  that  of  diorite,  and  it  will  be  convenient  to  use  this 
name  for  them.  These  diorites  occur  as  relatively  long  and  nanrow 
dikes  following  the  general  structure  of  the  rocks  which  they  invade. 
Several  of  these  dikes  occur  in  the  magnetite  schist  area  3  ndles  north 
of  Atlantic  City,  and  they  are  prominently  developed  in  the  strip  of 
country,  about  2  miles  wide,  which  contains  the  principal  gold  deposits 
of  the  Atlantic  district.  Precisely  similar  rocks  occur  also  in  the 
Lewiston  district. 

In  the  Atlantic  gold  belt  a  beginning  has  been  made  in  mapping 
the  diorite  intrusions,  with  the  result  shown  on  the  sketch  map 
appearing  as  Plate  I.  It  is  probably  correct  to  assume  that  all  the 
rock  was  originally  essentially  alike,  but  as  a  result  of  differing  degrees 
and  kinds  of  alteration  it  now  presents  many  varieties.  Some  of  it 
is  entirely  massive,  the  hornblende  appearing  in  irregular  but  com- 
pact individuals.  From  such  material  there  is  a  gradation  through 
essentially  even-granular  rock  carrying  sheaf-like  forms  of  hornblende 

1  Diller,  J.  8.,  The  types,  modes  of  occanenoe,  and  Important  deposits  of  asbestos  in  tliiB  United 
Steles:  XT.  8.  Oed.  Survey  BnlL  470,  p.  616»  1910. 
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to  schist  in  which  the  hornblende  is  all  fibrous.  Locally  the  rock  is 
still  further  altered  to  chlorite  schist,  and  in  places  where  meta- 
morphism  has  been  extreme  all  semblance  to  an  ordinary  igneous 
rock  is  lost.  The  chloritic  phases  usually  have  a  bright-green  color, 
especially  where  the  rock  is  eminently  schistose;  the  various  horn- 
blende phases  range  in  color  from  dark  green  to  nearly  black. 

The  dikes  that  have  been  mapped  range  from  50  to  more  than 
400  feet  in  width.  Some  of  them  have  been  followed  individually 
for  distances  of  a  mile  or  more,  and  one  was  found  to  be  continuous 
throughout  a  length  of  5  miles. 

The  longest  dike  of  diorite  lies  about  1,500  feet  north  of  the  axis 
of  the  Atlantic  syndine,  and  in  a  nearly  symmetrical  position  to 
the  south  there  are  miiltiple  dikes  throughout  a  zone  from  1,000  to 
1,500  feet  wide  that  extends  in  a  direction  east  and  somewhat  north 
from  Rock  Creek  to  the  Paleozoic  overlap  near  the  head  of  little 
Beaver  Creek.  The  approximate  symmetry  of  these  intrusions  with 
respect  to  the  axis  of  the  fold  is  established  by  the  presence  of  the 
conglomerate  beds  at  several  points  along  a  line  north  of  and  nearly 
parallel  with  the  northern  dike  and  along  the  south  side  of  the 
southern  dike  zone.  The  northern  dike,  which  may  be  called  the 
Gold  Dollar  dike,  from  the  circumstance  that  it  crosses  the  group 
of  mining  claims  bearing  that  name,  has  a  width  of  300  feet  or  more 
toward  the  east,  but  west  of  Big  Atlantic  Gulch  it  is  nowhere  more 
than  100  feet  wide.  Near  the  point  where  it  crosses  Wood  Gulch 
its  course  changes  from  west-southwest  to  nearly  south.  Though 
it  appears  to  terminate  in  the  high  hill  2  miles  west  of  Atlantic 
City,  it  may  continue  farther  south,  but  in  that  direction  there  are 
very  few  rock  exposures.  The  curving  of  this  dike  and  of  the  parallel 
porphyry  dike  just  to  the  north  su^ests  a  corresponding  bending 
of  the  inclosing  strata,  but  in  its  long  southerly  extensions  the 
porphyry  dike  probably  breaks  across  the  stratified  rocks.  The 
southern  dike  zone  does  not  continue  directly  across  the  Rock 
Creek  valley  but  here  is  offset  as  if  displaced  by  a  nearly  east-west 
fault  having  a  horizontal  thrust  eastward  on  the  south  side.  Fairly 
good  evidence  that  such  a  fault  exists  is  found  in  the  occurrence  of 
chiastoUte  graywacke,  or  ''peanut  rock,"  north  of  the  dike  zone 
near  the  Rose  shaft,  and  in  a  corresponding  position  with  reference 
to  the  diorite  dikes  that  cross  Rock  Creek.  If  the  conglomerate 
beds  could  be  found  along  the  south  side  of  the  westerly  offset  part 
of  the  dike  zone  the  presence  of  the  supposed  fault  would  be  fully 
established.  Because  the  dikes  in  the  two  parts  of  the  zone  do 
not  match,  the  break  is  believed  to  have  occurred  before  the  intrusion 
of  the  igneous  rock. 

A  third  zone  of  diorite  intrusions  lies  just  south  of  Atlantic  City 
and  extends  westward  and  southward  to  and  beyond  South  Pass 
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City.  In  this  zone  there  axe  three  prmcipal  dikes  arranged  in  over- 
lapping positions.  The  dike  that  crosses  Rock  Creek  below  Atlantic 
City  may  be  called  the  St.  Louis  dike.  It  was  traced  to  the  north- 
east only  as  far  as  Big  Atlantic  Gulch.  Southwest  of  Atlantic 
City  and  just  west  of  the  St.  Louis  claim  it  terminates.  A  short 
distance  to  the  north,  on  the  Tabor  Grand  daim,  is  the  eastern 
end  of  the  Duncan  dike,  which  has  an  average  width  of  nearly  500 
feet  and  was  traced  westward  to  Little  Hermit  Creek,  a  distance 
somewhat  greater  than  2  miles.  West  of  the  point  where  the  mail 
road  crosses  Big  Hermit  Creek  there  is  a  large  body  of  diorite  that 
is  believed  to  be  connected  with  the  Duncan  dike.  South  of  and 
overlapping  the  Duncan  dike  for  at  least  1  mile  is  the  Carissa  dike, 
which  was  traced  for  a  distance  of  3  miles.  It  probably  extends 
farther  east  than  is  indicated  on  the  map.  Where  this  dike  crosses 
Willow  Creek  it  is  about  140  feet  wide.  Its  south  waU  lies  130  feet 
north  of  the  Carissa  shaft,  and  here  it  is  more  than  150  feet  wide. 
In  this  vicinity  the  rock  of  the  dike  is  a  greatly  contorted  chlorite 
schist.  Farther  east  parts  of  the  dike  are  green  and  schistose  and 
other  parts  black  and  massive.  The  coimtry  lying  north  and  north- 
east of  South  Pass  City  was  not  studied  in  detail,  but  two  diorite 
dikes  that  cross  Willow  Creek  above  the  Carissa  dike  have  been 
shown  on  the  map. 

DIKES  OF  POBPHYRY. 

In  addition  to  the  basic  intrusives  of  the  districrt  there  are  several 
dikes  and  small  masses  of  more  siliceous  igneous  rocks,  three  general 
types  that  have  been  noted  being  quartz-oligoclase  porphyry,  ortho- 
dase  porphyry,  and  soda  granite. 

About  2  ndles  north  of  Atlantic  City,  on  the  Rustler  group  of 
daims,  a  vertical  dike  of  quartz-oligoclase  porphyry  is  exposed.  Its 
course  is  a  little  north  of  east,  parallel  with  the  strike  of  the  inclosing 
schists.  Unweathered  specimens  obtained  from  prospect  pits  show 
a  gray,  rather  fine  grained,  apparently  even-granular  rock,  specked 
with  minute  grains  and  small  crystals  of  arsenopyrite  and  containing 
pyrrhotite.  Under  the  microscope  the  texture  is  seen  to  be  dis- 
tinctly porphyritic,  small  crystals  of  quartz  and  slightly  larger 
crystals  of  the  oligoclase  feldspar  being  set  in  a  matrix  composed 
of  felty  sericite.  Apparently  this  sericite  replaces  an  originally 
glassy  groundmass.  The  same  secondary  mineral  occurs  also  in 
some  of  the  feldspar.  The  introduction  of  the  arsenopyrite  and 
pyrrhotite  was  obviously  contemporaneous  with  the  formation  of 
the  sericite.  This  dike  has  been  traced  for  about  1  mile,  and  pros- 
pecting at  five  localities  indicates  that  the  rock  is  everywhere  mineral- 
ized in  the  same  way.    At  the  outcrop  the  rock  contains  cavities 
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partly  filled  with  limonite,  evidently  derived  mainly  from  axsenopy- 
rite,  and  weathered  material  of  this  sort  is  said  to  carry  gold  that 
can  be  separated  by  panning. 

Near  Miners  Ddight  there  are  prominent  exposures  of  a  dark 
blue-gray  rock,  which,  though  presenting  a  general  dense  appearance, 
contains  abundant  lath-shaped  crystals  of  orthoclase.  This  ortho- 
clase  porphyry  is  known  locally  as  '' spotted  rock."  It  occurs  in 
the  form  of  a  dike,  which  has  a  width  of  50  to  150  feet,  may  be  traced 
5  miles,  and  is  probably  continuous  for  6  miles.  From  Miners 
Delight  its  course  is  at  first  west-southwest,  parallel  with  a  con- 
glonierate  bed  to  the  north  and  with  a  diorite  dike  to  the  south. 
West  of  Rock  Creek  the  conglomerate  was  not  recognized.  At  a 
point  about  1^  miles  northwest  of  Atlantic  City  the  dike  curves  and 
assimies  a  nearly  southerly  course.  Variations  in  the  mineralogic 
character  of  the  rock  are  evidently  related  to  differences  in  the  de- 
gree of  schistosity .  At  Miners  Ddight  it  is  distinctly  laminated,  the 
groundmass  being  composed  of  needles  and  rods  of  hornblende. 
The  lath-shaped  feldspar  crystals  lie  parallel  with  the  walls  of  the 
dike  and  conformable  with  the  general  lamination,  but  they  are  not 
crushed. 

Rock  similar  in  general  appearance  to  that  of  the  Miners  Delight 
dike  occurs  within  the  south  zone  of  diorite  intrusions  east  of  Big 
Atlantic  Gulch  and  in  a  larger  body  west  of  Atlantic  City.  In  all 
these  occurrences  the  presence  of  lath-shaped  feldspars  is  a  feature  of 
marked  resemblance,  but  the  alterations  of  the  groundmass  are  differ- 
ent. The  rock  from  the  Big  Atlantic  Gulch  locality  is  schistose,  it 
carries  brown  mica  in  the  groundmass  instead  of  hornblende,  and  the 
feldspar  crystals  are  partly  altered  to  sericite.  Rock  collected  from 
a  point  south  of  the  mail  road  1^  miles  west  of  Atlantic  City  shows 
no  marked  schistosity,  but  the  groundmass  is  composed  of  a  felt  of 
hornblende,  part  of  which  is  altered  to  chlorite. 

MINOB  INTBUSIONS  OF  QBANITE. 

Four  small  masses  of  granite  occur  in  the  zone  of  diorite  dikes  that 
extends  south  of  Atlantic  City  and  north  of  South  Pass  City.  Three 
of  these  granite  masses  are  in  or  near  diorite  dikes,  as  is  indicated  on 
the  geologic  map  (PI.  I),  and  the  field  relationsshow  that  the  granite 
is  the  younger  of  the  two  rocks.  The  granite  is  a  fine-grained,  even- 
granular  gray  rock,  composed  of  quartz,  oligoclase,  and  mica.  The 
presence  of  ohgoclase  instead  of  the  ordinary  orthoclase  or  microcline 
of  true  granite  makes  the  name  soda  granite  appropriate  for  this  rock. 
In  specimens  from  the  Mary  Ellen  mine  the  oligoclase  is  partly  altered 
to  sericite. 
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INUBBB  OF  OAKBBIAN  SANDSTONE. 

Two  small  patches  of  sandstone  capping  the  crystalline  rocks  were 
noted — one  2  miles  north  of  Atlantic  City  in  the  SE.  i  sec.  36,  T.  30  N., 
R.  100  W.,  and  the  other  2  miles  northeast  of  the  town,  in  the  SW.  i  sec. 
5,  T.  29  N.,  R.  99  W.  Each  of  these  occurrences  is  in  a  swale  50  feet  or 
more  below  the  general  hilltop  level  in  the  vicinity,  and  this  fact  can 
hardly  be  interpreted  otherwise  than  as  an  indication  that  the  basal 
member  of  the  Paleozoic  sedimentary  series  was  deposited  on  a  sur- 
face having  considerable  local  relief.  The  overlap  of  the  Cambrian 
sandstone  along  the  main  outcrop  has  not  been  studied. 

TEBTIABY  DEPOSIT8. 

East  of  Big  Atlantic  Gulch,  on  a  broad  ridge  that  separates  it  from 
Smith  Gulch,  there  is  a  deposit  of  white  marly  clay.  This  deposit 
is  r^arded  as  a  remnant  of  the  White  River  formation,  of  Tertiary 
age,  which  is  known  to  occur  south  of  the  Sweetwater  and  which 
probably  was  originally  deposited  over  all  of  the  region  between  that 
river  and  the  Atlantic  district.  The  deposit  consists  mainly  of  a 
white  to  yellowish  daylike  substance  that  contains  only  a  small 
amount  of  carbonate  of  lime.  Such  material,  though  blocky  when 
first  excavated,  disintegrates  or  slacks  on  exposure  and  is  very  plastic 
when  wet.  Some  of  the  material  that  carries  more  calciimi  carbonate 
does  not  disintegrate  so  readily. 

Friable  sandstone  occurring  in  the  bluffs  on  the  west  side  of  Willow 
Creek  half  a  mile  above  South  Pass  City  may  also  be  regarded  as  a 
remnant  of  the  White  River  formation,  which  in  general  comprises 
materials  of  widely  different  character. 

historicaij  notes. 

The  history  of  gold  mining  in  the  Sweetwater  district  has  been 
related  in  some  detail  by  Knight,^  and  this  accoimt  is  reprinted  in  a 
report  by  Trumbull.'  The  following  summary  is  based  mainly  on 
these  reports  and  on  data  contained  in  the  reports  of  Raymond.' 
Plate  II  shows  in  part  the  mining  claims  in  the  district. 

The  discovery  of  placer  gold  in  the  Sweetwater  district  is  said  to 
have  been  made  in  1842.  In  1855  a  party  of  40  men,  led  by  the  orig- 
inal discoverer,  prospected  the  region  and  did  some  sluicing  along 
Sweetwater  River.  The  leader  of  the  first  party  returned  with  eight 
companions  in  1860  and  began  mining  on  Strawberry  Creek.  In  the 
fall  of  1861  fifty  men  had  collected  at  South  Pass  City  with  the  object 

1  Knight,  W.  C. ,  The  Sweetwater  mining  dJstrJet,  Fremont  County,  Wyo.:  Wyoming  Univ.  Geol.  Survey 
BtUL,  June,  1901. 

t  Trumbull,  L.  W.,  The  Atlentlo  City  gold-mining  district,  Wyoming  Geologist's  Office  Bull.  7, 1014. 

*  Beymond,  B.  W.,  Statistics  of  mines  and  mining  in  the  States  and  Territories  west  ofthe  Bocky  Moon- 
tains  for  1860,  pp.  337-338, 1870;  idem  fbr  1871,  pp.  374-376, 1873;  idem  for  1872,  p.  306, 1873. 
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of  mining  in  the  following  spring,  but  this  party  was  driven  out  by 
Indians  and  it  was  not  until  1866  that  the  same  leader  again  returned 
with  a  (xmipanyy  which  began  operations  in  1867.  On  Jime  8  of  that 
year  the  Carissa  lode  was  discovered  by  H.  S.  Reedall.  This  third 
party  was  driven  away  by  Indians  with  the  loss  of  three  men,  but  the 
survivors  came  back  and  wintered.  By  crushing  quartz  from  the 
lode  in  a  hand  mortar  and  by  washing  the  detritus  from  the  lode  they 
extracted  nearly  $9,000  in  gold.  The  news  of  this  success  spread  rap- 
idly, there  was  a  rush  to  the  district,  and  500  men  went  to  work.  In 
July,  1869,  there  were  2,000  people  in  the  district. 

The  first  stamp  mill,  of  six  stamps,  driven  by  an  overshot  water 
wheel,  was  erected  on  Hermit  Gulch.  It  was  started  July  20,  1868, 
and  up  to  November  1  had  crushed  1,040  tons  of  ore,  yielding  an 
average  of  $36  currency  to  the  ton.  Between  April  20  and  July  1, 
1869,  480  tons  of  ore,  averaging  $47  a  ton,  was  treated.  The  rock 
crushed  came  mainly  from  the  Carissa  lode,  but  ore  was  also  hauled 
from  Atlantic  City.  The  second  mill,  of  10  stamps,  driven  by  a 
40-horsepower  steam  engine,  was  installed  at  Miners  Delight  and 
between  January  and  July,  1869,  is  estimated  to  have  extracted  more 
than  $60,000  worth  of  gold  from  ore  taken  from  the  Miners  Delight 
lode.  The  ore  averaged  about  $40  a  ton.  The  third  mill,  of  10 
stamps,  was  a  steam-power  mill  at  Atlantic  City  that  began  operation 
June  25,  1869.  It  treated  75  tons  of  ore  from  the  Soules  &  Perkins 
lode  at  Atlantic  City,  yielding  about  $30  a  ton. 

The  principal  veins  of  the  district  as  they  are  now  known  were 
nearly  all  discovered  before  1871,  and  by  that  time  12  mills,  with  a 
total  of  161  stamps,  had  been  erected.  Placer  work  had  been  done  in 
many  places,  mainly  on  Carissa  Gulch,  a  tributary  to  Willow  Creek; 
on  Big  Atlantic,  Smith,  and  Promise  gulches,  tributaries  of  Rock 
Creek;  along  Rock  Creek  near  Atlantic  City  and  on  Spring,  Yankee, 
and  Meadow  gulches,  across  the  Beaver  Creek  divide.  Up  to  the  end 
of  1873  the  gold  production  of  the  district  appears  to  have  amounted 
to  about  $550,000. 

In  1872  South  Pass  City  was  nearly  deserted.  The  Cariboo  and 
Buckeye  mines,  near  Atlantic  City,  were  being  worked,  and  at  Miners 
Delight  three  mines  were  active,  but  in  1875  the  mines  of  the  Sweet- 
water district  were  reported  as  being  essentially  idle. 

After  South  Pass  City,  Atlantic  City,  and  Miners  Delight  had  expe- 
rienced booms  and  had  dwindled  to  small  villages,  a  fourth  camp, 
Lewbton,  was  opened,  the  Burr  lode  having  been  discovered  in  1879. 
This  camp  had  a  similar  experience  to  that  of  the  others.  Eoiight  ^ 
says: 

Lewiston,  like  the  others,  had  rich  veins  of  quartz  and  placer  grounds,  but  the  mills 
have  not  stamped  much  ore  and  the  camp  is  sorely  in  need  of  gomi  mining  men  who 

1  Knight,  W.  C,  op.  oit.,  p.  81. 
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lure  willing  to  develop  a  mine  before  they  expect  it  to  yield  a  dividend.  *  *  *  The 
surface  oree  were  quite  free  and  rich,  but  with  depth  they  rapidly  became  base  and 
contained  iron  pyrites  and  arsenopyrite.  The  ores  extracted  near  the  surface  milled 
easily,  but  long  before  the  water  level  was  reached  the  amount  of  free  gold  had  dimin- 
ished so  that  tailings  were  assaying  |35  and  $40. 

In  1886  the  placers  on  Spring  Gulch  at  Miners  Delight  were  still 
being  worked,  though  operations  were  confined  to  a  short  season  dur- 
ing the  spring  when  water  was  available.' 

In  1884  *  a  French  company  managed  by  fimilc  Granier  purchased 
placer  claims  on  Willow,  Rock,  and  Strawberry  creeks  and  began 
the  construction  of  a  canal  or  ditch  to  lead  the  waters  of  Rock  Creek 
to  several  points  where  they  could  be  utilized  in  hydraulic  mining. 
Before  the  completion  of  this  ditch,  in  1886,  plans  were  made  for 
diverting  the  water  of  Christina  Lake  at  the  head  of  Little  Popo 
Agie  River,  and  this  project  was  carried  out.  The  water  thus  made 
available  was  rated  at  8,000  miner's  inches.  A  hydrauUc  elevator, 
installed  on  Rock  Creek,  below  Atlantic  City,  was  operated  during 
the  three  seasons,  1890  to  1892.  The  total  value  of  the  gold  recov- 
ered is  said  to  have  been  about  $200,000.  About  1893  the  company 
became  financially  embarrassed,  and  some  time  afterward  its  interests 
were  taken  over  by  the  Dexter  Mining  &  Milling  Co. 

The  Dexter  Co.  purchased  several  undeveloped  and  partly  devel- 
oped lode  claims  in  addition  to  the  placer  ground  and  water  rights  of 
the  Granier  company.  In  1905  the  construction  of  the  Dexter  Mill 
at  Atlantic  City  was  begun.  The  Rose  tunnel  was  driven  1,100  feet, 
but  no  ore  bodies  had  been  developed  on  any  of  the  company's  prop- 
erty in  1914.    TnimbuU '  says: 

After  the  completion  of  the  mill,  ore  waa  hauled  in  wagons  from  various  prospects 
in  the  district.  Twelve  thousand  tons  of  $5  to  $30  ore  were  milled  and  the  clean-up 
gave  16,000  off  the  plates  and  absolutely  nothing  from  the  cyanide  plant. 

This  administrative  and  technical  failure  was  followed  by  bank- 
ruptcy and  by  reorganization  as  the  Timba  Bah  Mining  Co.  The 
affairs  of  the  new  company  were  under  the  management  of  a  receiver 
in  1914. 

Aside  from  the  activities  of  the  two  companies  mentioned,  inter- 
est in  the  Atlantic  district  has  been  maintained  largely  through 
recurring  attempts  to  reopen  certain  of  the  mines  that  were  most 
productive  during  the  years  1868  to  1872.  Individual  prospectors 
and  small  associations  have  been  continually  at  work.  Up  to 
about  1906  one  or  more  stamp  mills  were  kept  in  shape  for  the  use  of 
miners  in  the  treatment  of  small  lots  of  ore.  The  advantage  of  such 
conditions  is  obvious,  and  as  there  has  been  lately  no  reduction  plant 

1  Aughey,  Samuel,  Wyoming  Terr.  Geologist  Ann.  Kept.,  1886,  p.  12. 
*  Ricketts,  L.  D.,  Wyoming  Terr.  Geologist  Ann.  Rept.,  1888,  p.  72. 
s  Trumbull,  L.  W.,  op.  oit.,  p.  86. 
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conveniently  available,  assessment  work  has  been  even  more  per- 
fmictoiy  than  formerly.  Among  mines  that  have  been  taken  up  at 
different  times,  with  the  idea  of  systematic  development,  the  most 
prominent  are  the  Carissa,  at  South  Pass  City;  the  Miners  Delight, 
at  the  east  end  of  the  district;  and  the  Garfield,  near  Atlantic  City. 

The  Carissa  appears  to  have  been  idle  from  about  1873  until  1900 
or  1901,  when  it  was  acquired  by  the  Federal  Gold  Mining  Co.  In 
1901  the  shaft  was  sunk  to  300  feet  and  somewhat  later  to  387  feet, 
but  the  depth  of  the  lowest  level  at  present  is  360  feet.  The  recorded 
production  during  the  period  1902  to  1906  is  about  2,800  tons  of  ore 
that  returned  a  total  in  gold  and  silver  of  somewhat  more  than 
$25,000.  The  bulUon  produced  was  about  0.845  fine.  Since  1906 
no  mining  has  been  done.  For  several  years  the  mine  has  been  kept 
free  from  water,  so  that  the  workings  might  be  available  for  exam- 
ination. The  shaft  is  387  feet  deep  and  the  workings  extend  along 
the  vein  for  about  750  feet.  There  are  five  levels,  with  horizontal 
workings  below  the  first  level  amoimting  to  nearly  2,600  feet. 

The  Miners  DeUght  property  appears  to  have  been  worked  from 
the  time  of  discovery  in  1868  until  1874.  It  was  then  idle  until 
about  1880,  when  the  mine  was  reopened  and  operated  until  1882, 
In  1893  the  property  was  sold  to  satisfy  a  claim  of  $28,500.*  A  com- 
pany was  formed  to  begin  mining  and  in  1894  the  workings  were 
pmnped  out.  Though  a  large  sum  of  money  is  said  to  have  been 
spent,  this  attempted  revival  was  not  successful.  Failure  likewise 
followed  work  done  in  1910  and  again  in  1913.  In  both  of  these 
attempts  comparatively  small  amounts  were  expended. 

The  Garfield  claim  is  supposed  by  the  writer  to  be  the  same  as  an 
early  location  known  as  the  Buckeye  State.  The  Buckeye  shaft  is 
said  to  have  been  140  feet  deep  in  1870  and  the  production  at  that 
time  was  at  the  rate  of  $50,000  a  year.  Several  attempts  were  made 
to  rehabilitate  this  mine,  the  most  important  one  in  1891-1894. 
Two  Tremaine  stamps  and  a  small  hydroelectric  plant  were  installed, 
but  although  some  gold  was  produced  the  returns  appear  not  to  have 
been  sufficient  to  pay  for  the  miae  developments  that  would  have 
been  necessary  for  a  financial  success.  In  1905  the  mine,  it  is  re- 
ported, yielded  $5,000  from  1,000  tons  of  ore. 

The  Mary  Ellen  mine  has  been  another  occasional  producer,  though 
between  1902  and  1915  the  property  was  involved  in  litigation. 

A  recent  imdertaking  has  been  the  development  by  the  Beck  Min- 
ing Co.  of  the  Duncan  mine,  1  mile  west  of  Atlantic  City.  After  an 
exploration  of  the  Dimcan  vein  by  about  1,500  feet  of  workings 
four  Nissen  stamps  and  amalgamating  devices  were  installed  in  1911. 
The  saving  of  the  gold  contained  lq  the  ore  is  reported  to  have  been 

>  Eng.  and  Min.  Jour.,  Deo.  23, 1898. 
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about  60  per  cent,  knd  in  1912  a  system  of  all  sliming  followed  by 
cyanidation  was  adopted,  with  results  that  are  said  to  have  been 
rery  satisfactory.  Power  for  the  mine  and  mill  and  for  an  electric 
plant  is  furnished  by  internal-combustion  engines  adapted  for  burn- 
ing gasoline  or  distillate.  Mine  developments  in  1913  and  1914  appear 
to  have  been  not  very  encouraging,  and  it  may  be  that  the  financial 
success  of  this  company  will  depend  upon  securing  control  of  other 
mines  than  the  one  for  which  the  technically  successful  extraction 
process  has  been  worked  out. 

About  1908  the  X.  L.  Dredging  Co.  purchased  several  groups  of 
placer  claims  in  Big  Atlantic,  Smith,  Promise,  and  Little  Beaver 
gulches  and  on  Stambaugh  Flat.  In  1912  a  ditch  and  siphon  to 
carry  water  from  upper  Rock  Creek  was  completed  and  some  ground 
was  washed  on  Promise  and  Smith  gulches.  In  1914  operations  of 
this  company  were  confined  to  properties  on  Beaver  Creek. 

The  Wyoming  Copper  Co.,  oi^anized  about  1909,  obtained  a  group 
of  claims  situated  west  of  Willow  Creek  about  1  mile  above  South 
Pass  City  and  carried  on  operations  at  intervals  until  the  summer  of 
1914.  During  this  period  a  shaft  was  opened  to  a  depth  of  500  feet 
and  some  drifting  was  done.  Small  amounts  of  rich  copper  minerals 
were  found  near  the  surface,  but  nothing  of  value  was  discovered  in 
the  shaft  workings,  and  the  project  appears  to  have  been  finally 
abandoned  in  the  fall  of  1914. 

ESTIMATED  OOIjD  PRODUCTION. 

Inasmuch  as  a  large  part  of  the  gold  output  of  Wyoming  has  come 
from  the  Atlantic  and  near-by  districts,  accurate  statistics  of  the 
gold  production  of  the  State,  if  available,  would  furnish  a  very  good 
idea  of  the  progress  of  mining  in  the  region  under  consideration. 
Unfortunately  reUable  data  are  not  at  hand,  but  figures  indicating 
the  gold  and  silver  output  have  been  compiled  by  the  United  States 
Geological  Survey,*  estimates  having  been  made  where  no  definite 
figures  are  available. 

The  value  of  gold  produced  in  the  Atlantic  district  from  1867  to 
1875  is  given  at  $736,100,  on  the  basis  of  reports  by  R.  W.  Raymond. 
For  the  years  1876  to  1895,  inclusive,  the  output  of  the  State  is 
estimated  at  $165,000,  and  part  of  this  amount  was  derived  from 
placers  in  northeastern  Wyoming  and  in  the  Douglas  Creek  district. 
For  the  years  1896  to  1913  the  gold  output  of  the  State  is  given  at 
$290,000,  and  it  is  known  that  a  large  proportion  of  the  actual  output 
after  1899  came  from  copper  ores. 

If  the  foregoing  figures  indicating  for  Wyoming  a  total  gold  pro- 
duction of  $1,191,178  could  be  accepted,  it  would  seem  probable  that 
the  Atlantic  district  should  be  xiredited  with  an  output  valued  at 

*■  H«ndar9on,  C.  W.,  U.  8.  Oeol.  Survey  Mineral  Resources,  1913,  pt.  1,  p.  SO,  1914. 
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less  than   $1,000,000.    Estimates   have    been  published,  however, 
indicating  that  the  production  of  the  district  has  amounted  to  more 
than  $5,000,000. 
In  a  footnote  Henderson  says: 

The  source  of  the  generally  quoted  figures  ($5,050,000)  is  W.  C.  Knight  (The  mining 
districts  of  Wyoming:  Wyoming  Univ.  Agr.  College  Dept.  Bull.  14,  October,  1893, 
pp.  123-124),  but  Knight  says:  ''The  only  estimate  of  the  output  of  this  region  is  one 
that  has  been  generally  circulated,  but  upon  what  basis  the  estimate  is  made  or  who 
is  the  author  I  am  unable  to  find  out.'' 

The  estimate  of  the  gold  output  of  the  Atlantic  district  which  is 
given  below  is  taken  from  a  report  on  Fremont  County  published  in 
1911:* 

Estimate  of  gold  production  of  Atlantic  district. 


LODB  MINES. 

Miners  Delight $1,200,000 

Carissa 1,000,000 


Caribou 

Garfield 

Victoria  Regina 

Franklin 

Mary  Ellen... 

Lone  Star 

Carrie  Shields 

Other  quartz  mines. 


500,000 
400,000 
350,000 
300,000 
125,000 
40,000 
35,000 
187,000 


4, 137, 000 


PLACERS. 

Meadow  Gulch $1,000,000 

Yankee  Gulch 

Spring  Gulch 

F^ndse  Gulch 

Smith  Gulch 

Red  Canyon 

Atlantic  Gulch 

Beaver  Creek 

Others 


500,000 

30,000 

30,000 

20,000 

20,000 

15,000 

10,000 

150,000 

1, 725, 000 

5,862,000 


The  present  writer  is  inclined  to  believe  that  the  gold  production 
of  the  district  may  have  been  greater  than  the  indicated  total  output 
of  the  State  as  given  by  the  Geological  Survey  figures  cited,  though 
it  can  hardly  have  been  as  great  as  the  figure  given  by  Jamison. 
Possibly  the  lode  mines  and  placers  may  have  produced  as  much 
gold  since  1875  as  before  that  year,  and  if  so,  a  fairly  reasonable 
guess  would  place  the  value  of  the  total  output  at  $ly500;000. 

VEINS. 
PBBVIOTT8  DE8CBIFTION8. 

Gold  has  been  found  in  the  bedrock  formations  mainly  in  veinlike 
bodies  of  quartz  which,  below  the  zone  of  oxidation,  carry  pyrite  or 
arsenopyrite  and  in  a  few  places  chalcopyrite  or  galena.  The  veins 
have  been  classified  by  Knight  *  under  four  heads — (1)  fissure  veins 
that  occur  in  bodies  of  igneous  diorite  or  granite;  (2)  contact  veins 
that  occur  between  intrusive  rocks  and  metamorphosed  sedimentary 

1  JamisoD,  C.  E.,  The  geology  and  mineral  resources  of  a  portion  of  Fremont  County,  Wyo.:  Wyoming 
State  Geologist  Boll.  2,  p.  80, 19U. 
•  Knight,  W.  C,  op.  cit.,  p.  17. 
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rodks;  (3)  bedded  veins  that  conform  with  the  dip  and  strike  of  the 
metamorphic  schists;  and  (4)  gash  vems.     Knight  says: 

The  Teinstone  ia  quartz.  Near  the  siirface  is  the  usual  oxidized  zone  in  which  the 
gold  is  comparatively  free.  Below  this  sulphides  appear  and  are  of  three  types — 
pyrite,  arsenopyrite,  and  galena.  Aisenopyrite  or  pyrite  containing  a  small  percent- 
age of  arsenic  seems  to  predominate.  Occasionally  realgar  and  orpiment  are  found  in 
minute  quantities.  No  banded  structure  was  found  in  any  of  the  veins.  The  quartz 
is  usually  massive  and  varies  in  color  from  white  to  semitransparent  with  a  bluish 
castr.  In  the  oxidized  zone  the  cavities  are  filled  with  limonite.  Quartz  associated 
with  some  of  the  sulphides  usually  contains  the  most  of  the  values.  In  many  instances, 
however,  the  schists  are  especially  rich.  This  condition  was  especially  marked  at  the 
Ouissa.  )n  the  ore  stoped  it  was  the  rule  that  the  schist  clinging  to  the  quartz  was 
gold-bearing,  and  often  there  were  wires  and  pellets  of  gold  scattered  through  the 
mass.  During  the  last  ten  years  I  have  assayed  schists  from  this  district  that  con- 
tained from  2  to  10  ounces  of  gold  per  ton. 

Besides  the  veins,  from  a  foot  to  8  or  10  feet  wide,  that  have  been  opened,  there  are 
same  mammoth  veins  of  quartz  that  have  been  but  slightly  protected.  One  of  these 
known  as  the  Mammoth  vein  is  a  short  distance  northeast  of  Atlantic.  It  contains 
some  gold,  but  mines  have  not  been  able  so  far  to  make  it  pay.  Others  of  this  type 
are  known. 

Taken  as  a  whole  the  veins  are  of  average  size,  are  very  persistent,  containing  good 
shoots  of  ore  which  continue  with  depth.  The  relation  of  the  gold  contents  of  these 
veins  with  depth  could  not  be  worked  out. 

Trumbull  ^  says: 

The  veins  are  all  quartz  filled,  and  the  dip  and  strike  of  those  carrying  workable 
values  show  no  relation  to  the  strike  or  dip  of  the  schists.  The  Big  Atlantic  and  Mam- 
moth veins  are  heavy  wide  bands  of  what  seems  to  be  vein  quartz,  running  for  miles 
acroas  the  district,  following  the  schists  in  both  dip  and  strike.  But  neither  of  these 
have  shown  shoots  of  pay  ore,  the  gold  values  being  a  dollar  or  less  per  ton.  These 
leads  have  been  well  prospected,  for  one  can  follow  their  course  with  the  eye  for  miles 
by  the  prospect  holes  dug  on  them.  Their  great  length  and  uniform  width,  also  their 
paralleliBm  with  the  inclosing  schists,  make  one  certain  that  they  are  of  sedimentary 
origin. 

The  gold-bearing  veins  are  found  in  the  schists,  diorite,  the  andesite  [called  feldspar 
porphyry  in  this  report],  and ,  in  one  case,  in  granite.  There  is  no  uniformity  of  strike. 
It  has  been  stated  that  the  strike  of  the  veins  was  in  general  parallel  to  that  of  the 
schists.  In  some  cases  this  is  true,  but  apparently  it  is  only  a  coincidence.  The 
Miners  Delight  vein,  for  a  part  of  its  length,  runs  parallel  to  the  strike  of  the  schists, 
but  in  other  places  it  strikes  nearly  across  the  schists,  and  the  part  parallel  to  the 
schists  has  both  foot  and  hanging  wall  of  andesite.  Again,  the  Mary  Ellen  is  a  fissure 
in  granite,  the  strike  of  which  is  nearly  at  right  angles  to  the  strike  of  the  schists  sur- 
rounding the  granite  intrusion.  The  veins  of  the  Gold  Dollar  group  and  of  the  Rose 
strike  across  the  formation,  the  first  in  diorite,  the  second  in  schist.  The  Carissa,  it 
is  true,  does  strike  parallel  to  the  schists.  So  also  do  the  several  veins  of  the  Garfield. 
But  on  the  whole  there  is  not  evidence  to  prove  that  the  structure  of  the  schists  has 
controlled  the  strike  or  dip  of  the  veins. 

The  f oDowing  quotations  are  taken  from  a  report  by  Raymond :  * 

The  main  belt  of  lodes  follows  a  general  northeast  and  southwest  course,  but  within 
this  limit  there  is  considerable  variation  in  the  strike  and  dip  of  the  veins.    Some  of 

>  Tnifflball,  L.  W.,  op.  cit.,  p.  85. 

s  Raymood,  R.  W.,  Statistics  of  mines  and  mining  in  the  States  and  Territories  west  of  the  Rooky  Mooa- 
far  1860,  pp.  339  et  seq.,  1870. 
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these  ran  parallel  with  thestratification  of  the  country  rock;  others  traverse  it  at  a  smali 
angle.  The  dip  of  the  lodes  varies  from  50**  to  90^  and  is  mostly  toward  the  north- 
west. Their  width  varies  from  1  to  25  feet.  At  least  one  of  the  walls  is  generally 
smooth  and  well  defined,  especially  when  the  strike  and  dip  of  the  vein  corresponds 
with  that  of  the  country  rock.  The  walls  of  the  cross  veins  are  mostly  imperfectly 
defined. 

The  ore  of  the  district  is  mainly  quartz,  in  which  oxide  and  silicate  of  iron  are  finely 
divided.  The  dark  shade  thus  imparted  to  it  has  caused  the  miners  to  call  it  black 
iron.  Some  of  the  quartz,  however,  is  white  and  transparent,  like  that  of  California. 
The  dark  kind  of  quartz  is  most  common;  yellow  and  red  stained  varieties  are  fre- 
quently so  decomposed  that  they  can  be  easily  crushed  between  the  thumb  and  fore- 
finger. The  miners  call  this  kind  sandy  quartz  and  consider  it  richer  than  the  harder 
ore. 

The  bullion  is  about  0.850  fine  in  gold  on  an  average. 

Base  metals,  such  as  lead,  zinc,  antimony,  tellurium,  copper,  etc..^  are  very  rare, 
and  to  all  appearances  the  percentage  of  iron  pyrites  will  be  very  small,  even  at  greater 
depth.  In  a  few  lodes  only,  malachite  and  copper  pyrites  are  found  interspersed  in 
the  quartz. 

The  average  yield  of  several  thousand  tons  of  ore  from  different  lodes  has  been  from 
$30  to  $40  per  ton.  The  richest  ore,  yielding  $100  and  over  to  the  ton,  is  taken  from 
small  lodes  with  an  ore  streak  of  I  to  2  feet  wide;  lodes  of  from  4  to  5  feet  wide  contain 
a  medium  quality  of  ore,  and  the  long  veins  of  10  to  25  feet  contain  a  vast  amount  of 
low-grade  ores.  The  latter  will  undoubtedly  constitute  the  main  strength  and  most 
reliable  basis  for  the  mining  enterprises  of  the  future. 

CULBSIFIOATION  OF  THE  VEIN8  AND  OTHEB  GOLD  DEP08ITS. 

To  the  classes  of  veins  enumerated  by  Ejiight  the  present  writer 
adds  stringer  lodes  and  certain  deposits  that  are  not  veins  in  any 
strict  use  of  the  term  but  bodies  of  rock  that  carry  gold  associated 
with  disseminated  sulphides  or  arsenopyrite.  A  convenient  classifi- 
cation, which  resembles  but  does  not  fully  conform  with  the  one 
proposed  by  Kxiight,  is  given  in  the  following  paragraphs: 

Cross  veins. — ^The  class  of  cross  veins  is  intended  to  include  all 
veins  that  strike  across  or  oblique  to  the  general  trend  of  the  coimtry 
rock.  It  is  represented  by  veins  in  metamorphosed  sedhnentajy 
rocks,  as  at  the  Rose  shaft,  on  Peabody  Hill,  and  north  of  Miners 
Delight;  also  by  veins  in  igneous  rocks,  illustrated  by  the  Mary 
Ellen  vein,  which  occurs  in  a  small  body  of  granite,  probably  by 
the  Duncan  vein,  in  diorite,  and  by  a  vein  on  the  Gold  Dollar  group 
of  claims,  also  in  diorite. 

Sinke  veins. — ^The  strike  veins  conform  in  trend  with  the  strike 
of  the  schists,  or  with  the  course  of  inclosing  dikes  that  follow  the 
layers  of  the  schists.  The  Miners  Delight  vein  occurs  in  a  dike  of 
feldspar  porphyry  and  throughout  part  of  its  course  is  in  a  general 
way  parallel  with  the  walls  of  the  dike  and  with  a  notable  though 
not  prominent  schistosity  of  the  intrusive  rock.  Along  its  outcrop 
the  vein  makes  a  sharp  bend  from  a  northeast  to  a  nearly  north 
course,  and  north  of  this  bend  it  has  the  characteristics  of  a  cross 
vein.    Other  prominent  examples  of  strike  veins  are  the  Lone  Star, 
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Big  Atlantic^  Mammoth,  Cariboo,  St.  Louis,  Tabor  Grand,  Carrie 
Shields,  and  Carissa,  and  probably  the  Garfield. 

Contrary  to  the  statement  of  Trumbull  quoted  on  a  preceding 
page,  the  present  writer's  observation  is  that  strike  veins  instead 
of  being  rather  uncommon  are  numerous  throughout  the  district. 

Stringer  lodes. — ^A  group  of  small  quartz  bodies  interleaved  with 
a  schist  or  reticulating  through  a  massive  rock  and  traceable  along 
a  definite  course  may  be  called  a  stringer  lode.  Typical  examples 
of  stringer  lodes  in  schist  can  not  be  cited,  but  in  several  places 
and  to  a  noteworthy  degree  along  the  Carissa  lode  it  was  observed 
that  strike  veins  show  a  tendency  to  lose  their  solidity  and  to  be 
continued  by  a  set  of  multiple  veinlets. 

Four  miles  north  by  west  of  Atlantic  City,  about  a  quarter  of  a  mile 
north  of  a  point  between  the  two  serpentine  bodies  that  flank  the 
magnetite  schists,  a  stringer  lode  in  granite  shows  a  network  of 
veinlets  composed  mainly  of  quartz  but  containing  also  flesh-colored 
or  reddish  orthodase.  Material  from  shallow  prospects  on  this 
lode  is  slightly  stained  by  green  copper  minerals.  Other  examples 
of  stringer  lodes  in  granite  were  noted  near  the  head  of  Big  Hermit 
Creek.  In  all  these  places  the  lodes  have  been  prospected  in  a  small 
way,  but  there  are  no  indications  that  they  contain  anything  of  value. 

Gash  veijis. — ^The  term  gash  vein  is  used  for  quartz  fillings  that 
are  of  very  slight  extent.  In  the  Atlantic  district  a  few  veins  of  this 
sort  have  been  found  to  be  very  rich  in  gold. 

Mineralized  rock  masses. — ^A  class  which  in  the  Atlantic  district 
may  or  may  not  prove  to  comprise  deposits  of  commercial  value 
is  that  of  rock  masses  which  carry  disseminated  iron  sulphide  pr 
arsenide.  The  most  definite  illustration  of  this  class  that  can  be 
cited  is  a  dike  of  quartz  porphyry  that  is  crossed  by  the  mail  road 
about  2  miles  north  of  Atlantic  City.  This  dike  traverses  the  Rustler 
or  Lander  Belle  group  of  claims.  It  is  10  to  20  feet  wide  and  has 
been  traced  for  a  distance  of  more  than  a  mile.  The  original  rock 
was  a  dense  rock  contfkining  definite  crystals  of  quartz  and  oligodase 
feldspar  in  an  extremely  fine  grained  groimdmass.  As  a  result  of 
metamorphism  that  appears  to  have  affected  all  parts  of  the  dike, 
large  amounts  of  sericite  have  been  developed  in  the  groimdmass,  and 
the  same  secondary  mineral  occurs  in  some  of  the  feldspar.  This 
sericitization  is  definite  evidence  that  the  alteration  of  the  porphyry 
was  effected  by  the  action  of  penetrating  hot  solutions,  and  these 
solutions  also  deposited  arsenopyrite  and  pyrrhotite,  which  are 
sparsely  but  generally  disseminated  through  the  mass  of  the  altered 
rock.  In  surface  exposures  the  arsenopyrite  and  pyrrhotite  are 
represented  by  cavities  containing  cellular  iron  oxide  and,  as  such 
material  conmionly  contains  free  gold,  it  is  supposed  that  all  the 
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mineralized  rock  carries  some  gold.     It  is  claimed  that  assays  have 
shown  gold  to  a  value  of  $2.50  to  $5  a  ton. 

An  example  of  altered  diorite  carrying  disseminated  pyrite  and 
arsenopyrite  was  noted  in  workings  on  the  Ground  Hog  group  of 
claims,  and  it  is  very  likely  that  other  deposits  of  this  kind  occur 
in  the  district. 

MINEBAIiOOY  OF  THB  VEINS. 

The  veins  of  the  district  are  composed  mainly  of  quartz.  At 
the  surface  the  quartz  is  likely  to  be  more  or  less  iron-stained,  and 
some  of  it  is  cellular  and  the  cavities  usually  contain  yellow,  brown, 
or  red  limonitic  material.  As  depth  increases  the  amount  of  limonite 
diminishes  and  it  becomes  evident  that  this  material  is  derived 
from  pyrite  or  arsenopyrite.  An  intermediate  product  in  the 
decomposition  of  arsenopyrite  is  scorodite  (FeAs4.2II|0),  which  was 
noted  in  ore  specimens  from  the  Carissa  mine. 

In  addition  to  the  common  iron  sulphide  pyrite,  the  magnetic  sul- 
phide pyrrhotite  also  occurs,  but  in  general  both  of  these  minerals 
are  subordinate  in  amount  to  arsenopyrite.  A  few  veins  carry 
chalcopyrite.  Galena  was  observed  by  the  writer  only  in  quartz 
from  the  Mary  Ellen  mine,  which  also  carries  a  little  arsenopyrite. 

That  the  gold  contained  in  the  veins  is  usually  associated  with 
the  sulphide  minerals,  including  arsenopyrite,  is  evident  from  the  fact 
that  with  increasing  depth  the  ores  have  proved  to  be  less  amenable 
to  amalgamation  as  a  rule. 

So-called  black  quartz,  which  is  of  rather  common  occurrence, 
carries  brown  or  black  tourmaline. 

The  mineralogy  of  the  veins  is  in  accord  with  the  view  held  by 
the  writer  that  the  veins  are  of  deep-seated  origin,  and  this  view  is 
also  supported  by  the  fact  that  none  of  the  veins  show  layering  or 
banding,  as  it  is  commonly  called,,  parallel  with  the  walls. 

GOLD  COMTEMT  OF  THE  ORES. 

Very  little  definite  information  can  be  given  concerning  the  amounts 
of  gold  carried  by  the  ores  that  have  been  mined  from  the  veins  of 
the  district.  Notes  in  Raymond's  reports  indicate  that  the  ores 
mined  prior  to  1872  returned  as  a  rule  from  $20  to  $40  a  ton  under 
treatment  by  stamp  miUing  and  simple  amalgamation.  Some  ores 
were  worked  that  yielded  only  $15  a  ton,  and  occasional  lots  yielded 
as  high  as  $200  a  ton.  '^The  average  yield  of  several  thousand  tons 
of  ore  from  different  lodes  has  been  from  $30  to  $40  per  ton."  * 
Among  the  mines  mentioned  by  Raymond  in  1870  are  the  Carrie 
Shields,  Yoimg  America,  Carissa,  Golden  Gate,  Wild  Irishman,  Gold 

>  Raymoad,  R.  W.^  Statistics  of  mines  and  mining  in  the  States  and  Territories  west  of  the  Rocky  Moun- 
tains  for  1869,  p.  330, 1870. 
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Hunter,  Calhoun,  Duncan,  Mary' Ellen,  Bamaba,  Buckeye  State, 
Sonles  &  PerkinB,  Cariboo,  Miners  Delight,  and  Bemiet  Line. 

Between  July  20  and  November  1,  1868,  the  original  Hermit  mill, 
near  South  Pass  City,  treated  1 ,040  tons  of  ore  yielding  an  average  of 
S36  a  ton;  and  between  April  20  and  July  1,  1869,  it  crushed  480 
tons  of  ore,  averagmg  $47  a  ton.^ 

Ore  from  the  Miners  Delight  vein  is  said  to  have  yielded  from  $16 
to  S200  a  ton,  the  average  having  been  about  $40. 

Perusal  of  old  reports  relating  to  the  district  leaves  an  impression 
that  many  of  the  lodes  occurring  in  the  district  might  be  expected 
to  yield  ores  carrying  on  the  average  as  much  as  $20  a  ton.  It  is 
believed,  however,  that  as  a  general  rule  this  expectation  will  not  be 
realized,  though  with  little  doubt  shoots  of  rich  ore  will  be  foxmd. 
It  is  more  likely  that  assa3rs  will  show  averages  of  $6  to,  say,  $15  a  ton. 

The  records  of  production  in  possession  of  the  Geological  Survey, 
which  are  held  as  confidential  with  respect  to  individual  mines, 
indicate  that  11,105  tons  of  ore  produced  by  eight  mines  ^ince  1902 
yielded  an  average  of  $8.15  a  ton.  (See  list  of  assays,  p.  40.)  On 
the  face  of  the  retiuns,  if  a  few  tons  of  exceptionally  high-grade  ore 
are  left  out  of  consideration,  the  yield  appears  to  have  ranged  from 
%5  to  $9.18  a  ton.  The  figures  given  represent  the  metal  recovered, 
and  there  is  no  way  of  ascertaining  the  actual  gold  content  of  the 
ores  as  mined.  In  so  far  as  gold  and  silver  yields  are  both  given  the 
ratio  of  gold  to  silver  is  found  to  vary  from  5.03  to  10.02,  the  weighted 
mean  ratio  for  8,958  tons  of  ore  being  6.79,  which  corresponds  to  a 
fineness  in  gold  of  0.871. 

PBOBABLE  PEBSISTENCE  OF  THE  VEINS. 

From  a  practical  man's  point  of  view  the  first  importance  naturally 
attaches  to  the  question  whether  or  not  the  veins  and  other  gold- 
bearing  deposits  of  the  district  will  be  found  to  persist  to  great  depth, 
and  if  so  whether  they  will  continue  to  carry  about  the  same  amoxuits 
of  gold  as  near  ihe  surface. 

In  regard  to  physical  persistence,  the  conclusions  may  be  drawn 
that  these  deposits  are  of  deep-seated  origin,  that  the  present  topo- 
graphic surface  is  a  chance  surface  due  to  erosion,  without  significant 
relation  to  the  ore  deposits,  and  that  on  the  whole  the  deposits  must 
be  as  abundant  at  any  depth  that  might  be  chosen  for  consideration  as 
they  are  at  the  existing  surface.  Although  these  general  conclusions 
are  fully  warranted  by  the  geologic  features  of  the  district,  they  should 
not  be  taken  as  a  guaranty  that  all  the  veins  of  the  district  will  be 
found  to  be  continuous  to  indefinite  depths.  It  is  probable  that  the 
lodes  showing  long  outcrops,  Uke  the  Carissa  and  Miners  Delight, 

1  Raymond,  R.  W.,  op.  dt.,  p.  331. 
20142*»— Bull.  626—16 3 
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persist  to  great  depths,  whereas  it  would  not  he  surprising  if  lodes 
that  can  be  traced  at  the  surface  for  very  short  distances  are  found 
to  pinch  out  at  correspondingly  moderate  depths.  On  the  whole  the 
writer  is  inclined  to  believe  that  in  this  district  strike  veins,  if  well 
defined,  are  likely  to  prove  more  persistent  than  cross  veins. 

As  to  the  downward  continuance  of  gold  content,  though  it  is 
likely  that  there  has  been  some  enrichment  through  solution  and 
redeposition  in  the  oxidized  portions  of  the  lodes,  it  is  not  believed 
that^  any  really  large  proportion  of  the  gold  in  the  upper  parts  of  the 
veins  has  been  secondarily  precipitated  from  surface  solutions;  and 
no  hesitation  is  felt  in  stating  the  conclusion  that  the  occurrence  of 
valuable  ores  is  not  limited  to  a  shallow  zone.  It  may  be  expected 
that  here,  as  is  the  rule  in  other  districts,  different  parts  of  the  same 
lode  will  be  found  to  carry  varying  amoxmts  of  gold,  or,  in  other 
words,  that  in  any  vein  the  best  ore  will  be  found  in  t&e  form  of 
shoots. 

The  foregoing  conclusions  and  suggestions  indicate  the  writer's 
belief  that  the  district  is  worthy  of  further  development. 

FUTURE  DEVEIiOPMENT. 
GENERAL  OT7TLOOK  FOB  LODE  MININO. 

In  view  of  the  history  of  the  district  and  its  situation  25  miles  from 
railroad  transportation  the  immediate  outlook  for  a  general  revival 
of  the  gold-mining  industry  is  not  very  encouraging.  Nevertheless 
the  writer  shares  the  opinion  which  has  been  expressed  by  several 
geologists  who  have  made  reports  on  the  district,  that  the  early 
promise  of  the  region  may  yet  be  fulfilled.  This  opinion  rests  on 
the  beUef  that  the  stronger  gold-bearing  veins  of  the  district  persist 
in  depth,  with  about  the  same  characteristics  as  they  show  near  the 
surface.  The  whole  problem,  however,  involves  more  than  this  and 
requires  a  consideration  of  the  planning  and  execution  of  develop- 
ment work,  methods  of  ore  treatment,  transportation,  and  the  cost 
of  power.    These  questions  are  discussed  in  the  following  paragraphs. 

PLANNINO  OF  DEVELOPMENT  WOBK. 

In  reviewing  attempts  that  have  been  made  either  to  rework  the 
old  mines  or  to  open  new  ones  the  fact  becomes  apparent  that  tho 
usual  procedure  has  been  to  install  metalluigic  plants  before  they 
were  warranted  by  developed  ore  reserves.  A  plausible  justification 
for  this  method  of  attack  is  that  by  means  of  it  ore  removed  during 
exploratory  work  can  be  treated  and  the  proceeds  appUed  to  current 
expenses,  thus  decreasing  the  amount  of  capital  required  to  place  an 
enterprise  upon  a  profitable  basis.  But  this  reasoning  has  proved  to 
be  \msound  in  thousands  of  instances  throughout  the  gold-mining 
districts  of  the  United  States,  and  for  the  Atlantic  district  the  policy 
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has  been  ruinous.  An  important  advantage  of  the  method  of  apply- 
ing all  expenditures  at  the  start  to  exploration  imdergroimd  is  that 
the  enterprise  may  be  abandoned  at  any  stage  without  incurring 
what  might  otherwise  become  a  double  or  even  a  quadruple  loss.  The 
conclusion  can  not  be  too  strongly  turged  that  except  \mder  imusual 
circumstances  mine  development  must  precede  the  erection  of  ore- 
treating  plants  if  lode  mining  is  ever  to  be  revived  in  the  Atlantic 
district. 

One  element  of  the  general  problem  is  that  in  addition  to  several 
gold-bearing  lodes  which  are  traceable  for  long  distances  there  are 
others  that  show  only  short  outcrops.  Suppose  that  a  quartz  vein 
averaging  3  feet  in  width  shows  an  outcrop  300  feet  long,  and  that  a 
short  vein  of  the  kind  may  pinch  out  at  a  depth  of  300  feet.  The 
cubic  content  of  the  vein  then  corresponds  with  about  20,000  tons  of 
rock.  Allow  12,000  tons  of  ore  that  could  be  won  and  an  average 
yield  of  about  $8  a  ton,  or  say  $100,000,  and  the  expense  of  mine  devel- 
opment and  mill  installation  and  the  cost  of  mining  and  treatment 
might  very  well  consume  aU  the  possible  proceeds.  But  if  two  veins 
of  this  kind  could  be  developed  so  as  to  be  served  by  one  miU  the  ven- 
ture might  be  made  to  show  a  profit.  The  foregoing  example  is  intro- 
duced as  a  basis  for  the  suggestion  that  multiple  development  might 
lead  to  favorabla  results  where  the  exploration  of  a  single  vein  might 
fail. 

It  is  hoped  and  expected  that  the  placer  ground  held  by  the  Timba 
Bah  Co.  will  be  developed  at  an  early  date,  and  if  this  undertaking  is 
carried  out  with  good  results  the  company  should  be  placed  in  a  posi- 
tion to  take  up  a  systematic  exploration  of  lodes  on  the  properties 
which  it  controls.  The  plan  of  developing  several  lodes  simultan- 
eously could  be  adopted  with  advantage  by  this  company. 

If  several  active  companies  were  present  in  the  field  a  demand  for 
power  would  arise,  and,  under  some  cooperative  arrangement,  it 
might  prove  economically  feasible  to  install  a  hydroelectric  plant  that 
would  furnish  power  for  preliminary  mine  developments. 

OT7TLOOK  FOB  BAHiBOAD  TRANSPORTATION. 

The  district  has  been  at  a  disadvantage  because  of  its  remoteness 
from  a  railroad.  SuppUes  were  formerly  hauled  70  miles  or  more 
from  stations  on  the  Union  Pacific  Railroad,  but  since  1906,  when  the 
Wyoming  &  Northwestern  Railway  was  completed  to  Lander,  about 
28  miles  from  Atlantic  City,  nearly  all  the  traffic  has  been  with  that 
point..  Only  10  miles  south  of  the  district  is  the  now  abandoned 
route  of  the  Overland  Telegraph  and  of  the  Emigrant  or  Overland 
Trail,  which  led  from  Casper  to  the  Sweetwater,  up  this  valley  to 
South  Pass,  and  thence  across  the  Green  River  basia  on  the  way  to 
Great  Salt  Lake  or  to  the  Oregon  coimtry.     When  the  Union  Pacific 
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Railioad  was  planned  many  engineers  r^arded  the  Sweetwater  route 
as  more  favorable  than  the  more  southerly  route  that  was  adopted, 
and  it  is  probable  that  within  10  years  either  the  Northwestern  or  the 
Burlington  system  will  seek  an  entrance  to  the  Green  River  basin  by 
way  of  South  Pass.  With  the  extension  of  either  of  these  lines  the 
situation  of  the  Atlantic  and  Lewiston  districts  with  respect  to  trans- 
portation will  be  greatly  improved.  Atlantic  City  and  South  Pass 
City  will  then  be  within  12  miles  and  possibly  within  6  miles  of  the 
railroad,  depending  on  whether  the  location  is  north  or  south  of 
Sweetwater  River.  Lewiston  will  be  still  nearer.  Whatever  align- 
ment is  chosen  for  the  railroad,  good  connecting  wagon  roads  with 
easy  and  favorably  distributed  grades  can  be  cheaply  constructed  and 
maintained. 

COffT  OF  POWBB. 

If  a  railroad  is  constructed  through  the  upper  Sweetwater  Valley 
coal  will  be  made  available,  and  at  points  along  the  line  should  not 
cost  niore  than  S3  to  $3.50  a  ton.  If  the  smaller  figure  is  taken  and 
if  the  cost  of  hauling  is  assumed  to  be  35  cents  a  ton-mile,  the  esti- 
mated cost  of  coal  at  points  10  miles  from  the  prospective  railroad 
will  be  $6.50  a  ton.  For  the  present  the  power  problem  resolves 
itself  into  the  use  of  wood  for  raising  steam;  the  use  of  gasoline,  dis- 
tillate, or  crude  oil  in  engines  of  the  internal-combustion  type;  and 
the  development  of  electric  energy  in  small  hydrodectric  plants. 

Wood  for  fuel  can  be  obtained  from  the  Washakie  National  Forest 
by  a  haul  of  5  to  12  miles,  at  prices  of  $3.50  to  $5  a  cord.  Under  the 
r^ulations  of  the  Forest  Service  only  dead  timber  is  available,  the 
use  of  which  is  said  to  be  rather  unsatisfactory. 

The  cost  of  gasoline  delivered  has  been  from  17  to  24  cents  a  gallon 
and  that  of  distillate  somewhat  less.  When  used  in  small  internal- 
combustion  engines,  distillate  at  20  cents  may  be  compared  with  good 
bituminous  coal,  burned  under  a  boiler,  at  about  $16  a  long  ton. 

With  little  doubt  engines  of  the  Diesel  type  could  be  adapted  to  use 
the  crude  oil  produced  in  the  Dallas  field,  which  is  situated  about  16 
miles  north  of  Atlantic  City.  Since  1911  this  oil  has  been  going  by  a 
pipe  line  to  Lander,  but  probably  its  value  for  developing  power  in 
the  Atlantic  district  would  be  greater  than  its  value  for  locomotive 
fuel,  which  is  reported  to  be  75  cents  a  barrel.  The  possibilities  of  this 
oil  are  suggested  by  a  rough  calculation  which  indicates  that,  allowing 
for  a  cost  of  $1.40  a  barrel  at  the  well  and  a  charge  of  $1  a  barrel  for 
transportation,  the  cost  of  crude-oil  power  would  correspond  approx- 
imately with  the  cost  of  steam  power  if  coal  could  be  laid  down  at  $5 
a  long  ton.  This  calculation  is  based  upon  50-horsepower  units.  The 
character  of  the  Dallas  oil  is  shown  in  the  following  table:* 

1  Woodruff,  E.  a.,  The  Lander  oil  field,  Fremont  County,  Wyo.:  U.  8.  Geol.  Survey  Bull.  463,  p.  29, 1011. 
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The  erection  of  an  electric  power  plant  in  the  Dallas  oil  field  has 
been  proposed.  This  project  is  technically  feasible,  and  the  cost  of 
installation  would  be  less  than  that  of  a  hydroelectric  plant  on  Little 
Popo  Agie  River.  The  transmission  line  to  Atlantic  City  would  be 
about  17  miles  long. 

The  development  of  water  power  at  points  along  Rock  Creek 
would  be  feasible  for  about  seven  months  during  the  year,  but  from 
November  to  March  not  only  is  the  stream  flow  small  but  it  is  doubt'- 
ful  whether  it  could  be  utilized  because  of  troubles  due  to  freezing 
in  the  diversion  canals.  From  April  to  November  the  minimum  flow 
including  the  natural  waters  of  Rock  Creek  and  those  diverted  from 
Christina  Lake  would  probably  not  fall  below  20  second-feet.  With 
this  flow  of  water  approximately  280  horsepower  could  be  developed 
at  each  of  two  sites,  one  3  miles  above  Atlantic  City  and  the  other 
near  that  place.  The  upper  site  is  imder  the  ditch  of  the  X.  L. 
Dredging  Co.  The  first  right  to  water  is  claimed  by  the  Timba  Bah 
Co.,  but  as  the  stream  would  be  returned  to  Rock  Creek  above  the 
headgate  of  the  lower  canal  of  that  compainy  it  is  not  evident  that 
these  rights  would  interfere  with  each  other. 

The  lower  power  site  near  Atlantic  City  is  imder  the  main  ditch 
of  the  Timba  Bah  Co.,  which  was  planned  to  deliver  water  for  placer 
mining  along  Rock -Creek.  Although  this  ditch  is  now  in  bad  con- 
dition it  must  be  repaired  in  order  to  work  the  placers,  and  either  in 
connection  with  this  work  or  after  its  completion  a  power  plant 
could  be  built. 

About  half  a  mile  above  the  headgate  of  the  lower  Timba  Bah 
Canal  a  small  hydroelectric  plant  was  installed  about  1895  in  connec* 
tion  with  an  attempt  to  operate  the  Garfield  mine.  By  means  of  a 
ditch  approximately  1  mile  long  a  head  of  about  50  feet  is  secured. 
Under  this  head,  with  a  flow  of  20  second-feet,  a  turbine  would  develop 
about  80  horsepower.  The  estimated  minimum  flow  is  based  on  the 
inclusion  of  water  diverted  from  Christina  Lake. 

So  far  as  the  writer  is  informed  those  mentioned  above  comprise  aU 
the  water  powers  that  could  be  economically  developed  within  the 
district.  Although,  as  already  intimated,  it  is  not  likely  that  con- 
tinuous power  could  be  depended  on  throughout  the  year,  the  fact 
that  no  expense  would  be  incurred  for  diversion  canals  in  the  two 
larger  schemes  may  make  them  worthy  of  consideration  in  the  plan- 
ning of  the  exploration  work  that  must  be  done  if  the  mines  of  the 
district  are  to  be  put  upon  a  producing  basis. 

The  installation  of  a  hydroelectric  plant  on  Little  Popo  Agie  River 
10  miles  north  of  Atlantic  City  is  regarded  as  technically  feasible.  A 
preliminary  permit  for  the  utilization  of  this  power  was  granted  in 
1912  to  the  Beck  Mining  Co.,  h\i\,  the  right  has  since  been  abandoned. 
A  diversion  canal  2^  nules  long  was  planned  to  deliver  water  at  a 
point  where  an  effective  head  of  750  feet  would  be  attained.    This 
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project  lies  within  the  Washakie  National  Forest,  and  through  the 
courtesy  of  the  Forest  Service,  the  writer  has  had  access  to  the 
application  of  the  Beck  Mining  Co.  leading  to  the  permit  referred  to 
above.  In  this  application  figures  are  given  representing  the  net 
hoisepoiwer  calculated  for  average  discharge  per  calendar  month  for 
parts  of  1907  and  1908.  For  August,  1907,  the  calculated  horse- 
power was  4,230.  There  was  a  gradual  decrease  imtil,  for  December, 
1907,  the  figure  was  1,698.  For  April,  1908,  the  horsepower  figure 
given  was  4,014,  for  June  17,760,  for  September  2,970,  and  for 
November  3,810.  On  January  26,  1912,  the  flow  was  calculated  as 
capable  of  furnishing  1,110  horsepower.  According  to  the  formula 
horsepower  =  head  flow  X  0.08,  these  figures  indicate  that  the  mini- 
mum flow  between  Augxist  and  December,  1907,  was  about  28  second- 
feet  in  December,  and  between  April  and  November,  1908,  was  about 
49  second-feet  in  September.  The  indicated  flow  for  January  26, 
1912,  is  18.5  second-feet. 

In  1915  the  district  engineer  of  the  Forest  Service  included  in  a 
report  on  certain  water-power  projects  situated  on  Popo  Agie  River 
records  of  stream  gaging  in  1914  on  Little  Popo  Agie  River  at 
Young's  orchard,  we^t  of  Dallas.  These  records  show  in  April,  1914, 
a  flow  of  62  second-feet,  and  in  the  following  October  54  second-feet, 
the  latter  being  the  minimum  for  the  seven  months,  April  to  Novem- 
ber, during  which  records  were  kept. 

In  consideration  of  the  figures  given  it  seems  safe  to  assume  for 
the  Little  Popo  Agie  a  minimum  flow  during  seven  consecutive 
months  of  each  year  of  40  second-feet,  corresponding  to  2,400  horse- 
power; during  ten  months  of  25  second-feet,  or  1,500  horsepower; 
and  an  extreme  minimum  of  15  second-feet,  or  900  horsepower. 

In  the  foregoing  calculations  no  account  is  taken  of  any  diversion 
of  water  from  Christina  Lake  to  Rock  Creek. 

MTTiLTNO  OF  THE  OBES. 

In  general  the  ores  of  the  Atlantic  and  Lewiston  districts  must  be 
treated  on  the  ground,  though  lots  of  exceptional  value  may  be  shipped 
to  a  smelter.  Thus  far,  aside  from  the  operations  of  the  Beck  Mining 
Co.  at  the  Duncan  mine,  there  has  been  no  systematic  endeavor  in 
milling  to  save  gold  otherwise  than  by  amalgamation.  On  the  wholff 
the  percentages  of  extraction  have  been  low,  in  the  milling  of  both 
unoxidized  and  oxidized  ores,  and  ih  future  operations  better  though 
less  simple  methods  wiU  be  ufgeneral  required. 

The  problems  of  ore  treatment  have  been  discussed  by  Knight,* 
from  whose  valuable  report  the  following  quotation  is  made: 

Ab  soon  as  the  quartz  ledges  in  the  Sweetwater  district  had  been  opened  to  a  depth 
varying  from  10  to  25  feet,  stamp  mills  were  ordered.    They  were  large  and  small, 

>  Knight,  W.  C,  op.  cit.,  pp.  24  et  ae^^. 
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and  early  in  1870  there  were  10  or  15  millfi  in  operation  or  nearly  completed.  On  the 
very  outset  there  were  serious  complaints  as  to  the  refractory  nature  of  the  ore,  and 
in  one  case  at  least  the  stamp  mill  was  abandoned  and  two  arrastres  erected  in  its 
place.  The  scouring  process  of  the  arrastre  brightened  the  gold  and  made  amalga- 
mation more  perfect.  The  bulk  of  the  milling  has  always  been  done  with  stamps 
of  various  patterns  and  weights,  but  the  saving  has  been  very  unsatisfactory.  For 
many  years  I  have  assayed  the  tailings  from  these  camps,  and  they  have  never  carried 
leas  than  $5  per  ton  in  gold  and  in  the  majority  of  cases  they  have  assayed  from  $8  to 
$20  per  ton.  The  early  mill  men  did  not  save  the  tailings,  or  there  would  have  been 
many  valuable  dumps  to  be  worked  by  some  of  the  modem  methods.  For  years 
stamp  mills  were  condemned  in  this  district  and  many  other  contrivances  were  brought 
in  to  take  their  place.  With  the  exception  of  the  Huntington  mill,  every  other  device 
has  utterly  failed.  At  the  present  timd  the  stamp  mill  has  beem  reinstated,  it  having 
been  proven  to  be  the  most  effectual  crushing  device,  although  as  a  matter  of  fact 
there  have  been  serious  complications  in  the  free-milling  process,  owing  to  the  gold 
being  coated  and  not  amalgamating.  This  has,  beyond  question,  been  the  source 
of  the  greatest  loss,  but  coarse  crushing  has  always  claimed  more  or  less  of  the  values. 

Tbe  results  of  amalgamation,  cyanidation,  and  chloiination  tests 
made  by  Knight  on  samples  of  ore  from  the  mines  of  the  region  are 
smnmarized  in  the  appended  table: 

ResutlU  of  tests  of  ore  from  AtUmtic  and  LewisUm  districts. 


Mine. 


AOtaitie  City. 

Rose 

Diana 

Gaifield 

Mars 

Victoria  Regla 

Cariboo 

JlmDyre 

Rustler 

King  Solomon 


South  Pom. 


Cariasa. 


Lewiston. 


Spotted  Horse. 

Ifidget, 

Mint 

Little  Bee 


Sample. 


10  pounds. 

1  sack 

do.... 

10  pounds. 

1  sack 

do.... 

8  pounds.. 

1  sack 

do.... 


5  pounds. 


Isack. 

do. 

....do. 
do. 


Gold. 


Ounces 
per  ton. 

2.16 

1.5 
■  w 
.02 
.65 
.61 
.36 
.171 
.162 


1.24 


1.86 
.977 
.612 
.252 


Amalga- 
mation 
saving. 


Percent. 
0.95 
.82 
.92 
.94 
.81 
.78 
.83 
.94 
.62 


80 


79 

,58 

57 

68 


Sands 
assay. 


Percent. 
0.108 
.027 
.072 
.955 
.120 
.130 
.060 
.012 
.060 


250 


.400 
.284 
.260 
.080 


Cyanide 
tails. 


Percent. 
Trace. 
Trace. 
None. 
Trace. 
0.025 
None. 
Trace. 
None. 
.01 


.041 


.180 

.200 

.140 

Trace. 


Chlori- 
nation 
saving. 


Percent. 


65 
95 
99 
77 
71 
99 


74 


56 


Poor. 
13 
51 
99 


The  following  comments  on  the  results  obtained  in  the  investiga- 
tion are  made  by  Knight: 

The  ore  from  the  Mint  mine  is  typical  of  the  Lewiston  ores  and  shows  clearly  what 
the  miners  have  heen  struggling  with.  In  the  ordinary  stamp  mill  the  saving  has 
been  very  much  less  than  in  the  tests,  since  the  ore  was  not  crushed  as  fine  and  there 
was  no  scouring  device  to  aid  amalgamation .  Wlien  a  quantity  of  this  ore  was  treated 
with  warm,  concentrated  hydrochloric  acid,  then  washed  and  treated  by  the  free- 
milling  process,  the  tailings  assayed  only  a  trace  of  gold.  It  is  certain  that  the  poor 
savings  made  by  chlorination  and  cyanide  were  due  to  the  coated  condition  of  the 
gold. 
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The  ore  from  the  Midget  mine  resembles  that  from  the  Mint.  Here  ordinary  amalga- 
matioa  would  mean  a  saving  of  less  than  40  per  cent  of  the  gold,  though  some  scouring 
device  would  assist  in  making  a  better  recovery.  It  is  probable  that,  after  roasting, 
chlorination  would  make  a  better  saving  than  is  indicated  by  any  of  the  tests  applied. 
Ores  of  this  type  should  be  tested  by  various  chlorination  processes.  If  any  of  them 
viU  extract  90  per  cent  of  the  gold  it  would  surpass  any  process  that  has  been  applied 
to  these  ores  thus  far. 

Crush  the  ores  as  fine  as  you  can  consistently.  This  you  will  have  to  decide-  by 
milling  tests.  Occasionally  capacity  must  be  sacrificed  to  securo  high  recovery, 
bat  this  must  not  be  carried  to  the  extreme.  Utilize  concentration  wherever  possible 
and  treat  the  concentrates  with  cyanide  or  chlorination,  roasting  if  necessary .  Utilize 
the  cyanide  process  to  handle  tailings.  Do  not  store  the  sands,  as  any  contained 
sulphides  will  oxidize  and  form  soluble  compounds  that  must  be  washed  out  or  neu- 
tralized to  prevent  cyanide  losses. 

The  tests  summarized  in  the  table  given  on  page  40  were  made 
for  the  most  part  on  oxidized  ores,  but  in  the  main  the  suggestions 
offered  are  applicable  to  the  treatment  of  imoxidized  ores  as  well. 
Naturally  the  amalgamation  tests  show  extractions  that  are  greater 
than  could  be  obtained  in  practice  with  economical  working.  A 
relatively  low  extraction  for  sulphide  ores  is  indicated  by  current 
statements  that  amalgamation  recoveries  at  the  Carissa  and  Duncan 
mills  have  been  between  60  and  75  per  cent  on  ores  carrying  from 
0.50  to  0.75  ounce  of  gold  to  the  ton.  Such  results  are  not  greatly 
inferior  to  those  that  have  been  attained  in  the  treatment  of  imoxidized 
gold  ores  in  the  stamp  mills  of  Clear  Creek  and  Gilpin  counties,  Colo. 
In  the  Colorado  mills  the  sulphides  are  concentrated  and  are  shipped 
out  and  smelted,  transportation  and  smelting  charges  being  both  very 
low.  Obviously  concentrates  valued  at  $30  or  even  $60  a  ton  could 
not  be  shipped  from  the  Atlantic  district  under  present  conditions, 
but  in  planning  the  treatment  of  ore  consideration  might  be  given 
to  the  possible  advantage  of  amalgamation,  plus  concentration,  plu3 
regrinding  of  concentrate,  followed  either  by  amalgamation  or  by 
cyanidation.  Where  the  gold  occurs  mainly  in  the  sulphides  the 
suggested  treatment  would  obviate  fine  crushing  of  the  ore  as  a 
whole. 

To  one  like  the  present  writer,  having  only  a  very  general  knowl- 
edge of  gold  milling,  amalgamation  supplemented  by  cyanidation 
would  seem  to  be  as  a  rule  the  most  satisfactory  procedure,  but  it 
is  of  interest  to  note  that  in  the  treatment  of  imoxidized  ore  at 
the  Dimcan  mill  in  1913  amalgamation  had  been  entirely  abandoned. 
This  mill  *  is  equipped  with  four  Nissen  stamps.  The  original  plan 
was  to  save  the  gold  by  inside  and  outside  amalgamation.  With 
clear  water  and  careful  working  75  per  cent  extraction  was  possible, 
but  the  water  supply  is  scanty  and  when  exhaust  water  from  a 
steam  pump  was  admitted  very  careful  work  was  required  to  keep 

1  Tmmlmll,  L.  W.,  op.  cit.,  pp.  QS>100  (description  of  Duncan  mill  by  D.  C.  Kelso). 
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the  extraction  above  60  per  cent.  Experiments  were  made  wi 
the  idea  of  crushing  in  cyanide  solution  and  amalgamating  on  plati 
but  the  method  of  all  sliming  and  cyanidation  without  amalgamatii 
was  finally  adopted.  The  capacity  of  the  mill  is  about  30  tons^ 
day.  For  February,  1913,  the  cost  of  treatment  is  given  as  $2J 
a  ton,  and  of  this  amoimt  $1.19  is  chained  against  gasoline  at 
distillate  used  for  raising  power. 

The  Dexter  or  Timba  Bah  mill  at  Atlantic  City  is  equipped  wi 
20  stamps  of  1,050  poimds  each  and  is  provided  with  apparatus  i 
cyanide  treatment.  The  mill  was  erected  in  1908  but  has  nev 
been  in  regular  operation. 

The  Carissa  mill,  with  10  stamps  of  550  poimds,  is  provided  wi 
amalgamating  devices  and  Wilfley  concentration  tables. 

At  the  Mary  EUen  mine  there  is  a  5-foot  Huntington  mill  equippi 
with  amalgamating  plates. 

PLACER  DEPOSITS. 

The  alluvial  deposits  of  the  Atlantic  and  Lewiston  districts  hai 
not  been  studied  in  a  systematic  way,  so  that  only  a  very  brief  di 
cussion  of  this  subject  can  be  presented.  On  Plate  III  the  distribi 
tion  of  the  gold-bearing  gravels  is  shown  in  part. 

The  greater  proportion  of  the  alluvial  gold  thus  far  produced  hi 
been  won  by  means  of  the  pan  or  rocker  or  by  sluicing  in  a  small  wa} 
The  richer  gravels  occurred  in  shallow  drains  heading  in  ground  tra^ 
ersed  by  gold-bearing  lodes.    Placers  in  such  situations  were  usuall; 
of  very  small  extent,  but  as  a  rule  the  gravels  were  thin  and  therefor 
readily  worked.     The  small  streams  in  several  gulches  were  divertei 
by  ditches,  some  of  them  a  mile  or  more  long,  but  operations  wen 
mainly  limited  to  the  spring  months  because  ot  insufficient  water  a* 
other  seasons.    Among  the  small  placers  that  were  worked  to  advaa 
tage  within  the  period  1867  to  1872  were  those  derived  from  the 
Carissa  lode,  near  South  Pass  City;  those  of  Big  Atlantic,  Smith,  and 
Promise  gulches,  east  of  Atlantic  City;  of  Meadow,  Yankee,  and 
Spring  gulches,  near  Miners  Delight;  of  the  Crows  Nest  and  Dutch 
Tom  flats,  to  the  southeast;  and  of  several  localities  in  the  vicinity  of 
Lewiston.     The  typical  gold  from  these  placers  was  rough  and  rather 
coarse,  and  nuggets  weighing  as  much  as  2  oimces  were  occasionally 
foimd. 

During  recent  years  there  has  been  a  small  and  sporadic  production 
by  individual  miners,  but  in  the  main  the  small  placers  may  be 
regarded  as  offering  Uttle  promise  for  the  future. 

A  small  but  steady  production  of  gold  has  been  made  for  several 
years  from  gravels  occurring  in  a  ravine  on  the  south  side  of  Rock 
Creek  near  Atlantic  City.    The  principal  workings  are  on  the  Babette 
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property.  Here  loose  material  fills  the  yalley  to  a  depth  of  10  to  20 
feet,  forming  a  deposit  from  60  to  perhaps  150  feet  wide.  Apparently 
the  best  dirt  occurs  in  bedrock  along  a  definite  channel^  and  the 
deposit  is  worked  by  means  of  a  drift.  The  stream  is  small,  but  a 
sufficient  volume  of  water  for  sluicing  is  made  intermittently  ayailable 
by  means  of  a  dam. 

Although  the  laiger  part  of  the  alluvial  gold  produced  during  the 
early  years  of  activity  came  from  small  placers  occurring  in  headwater 
drains,  stream  placers  were  also  worked  in  several  places.  These 
deposits  occur  in  all  the  gulches  that  receive  drainage  from  the  min- 
eralized areas,  and  downstream  from  these  areas  gravels  occurring 
along  the  principal  creeks  carry  more  or  less  gold.  Gulches  having 
grades  steep  enough  to  permit  ready  disposal  of  waste  are  Hermit 
Gulch,  near  South  Pass  City,  and  Big  Atlantic  and  Smith  gulches, 
east  of  Atlantic  City.  Of  these  the  two  last  appear  to  have  been  the 
most  productive,  though  because  of  diminished  slope  the  lower  part 
of  Smith  Gulch  was  never  worked  extensively. 

In  1914  the  X.  L.  Dredging  Co.  completed  a  ditch  to  deUver  Rock 
Creek  waters  into  the  upper  part  of  Smith  Gulch,  and  here  hydrauhc 
operations  were  carried  on  for  a  few  weeks.  Whether  or  not  the 
results  of  this  work  were  satisfactory  is  unknown  to  the  writer. 
During  the  late  part  of  summer  and  the  autumn  this  company  was 
reported  to  be  washing  gravels  at  a  locaUty  on  Little  Beaver  Creek 
several  miles  east  of  Smith  Gulch. 

The  following  quotation  is  taken  from  a  report  by  Jamison,*  former 
State  geologist: 

The  X.  L.  Dredging  Co.  ownB  1,680  acres  of  placer  ground  on  Little  Beaver,  Smith, 
PtonuBe,  and  Big  Atlantic  gulches  and  Stambaugh  Flat.  The  company  has  con- 
stmcted  a  ditch  from  Rock  Creek,  7  miles  above  Atlantic  City,  to  the  placers.  A 
laige  part  of  the  Stambaugh  Flat  ground  ip  reported  to  have  a  gold  tenor  of  $1.40  per 
cubic  yard,  while  that  in  the  gulclies  yields  $0.50  per  yard. 

The  grayels  along  Beaver  Creek  are  reported  to  carry  gold  all  the 
way  to  the  jimction  with  Popo  Agie  River  northeast  of  Hudson.  A 
sample  representing  3  feet  of  gravel  on  a  bar  half  a  mile  above  the 
mouth  of  the  creek  was  found  by  Schrader  ^  to  contain  gold  to  the 
amount  of  six  colors  to  the  pan,  corresponding  to  a  value  of  about  33 
cents  to  the  cubic  yard. 

Placer  deposits  on  Willow  Creek  near  South  Pass  City  and  on  Rock 
Creek  near  Atlantic  City  were  worked  for  the  most  part  before  1876. 
In  both  places  the  valley  floors  are  from  200  to  1,000  feet  wide,  and  in 
general  the  gravels  are  said  to  be  from  5  to  20  feet  deep.  The  Rock 
Creek  operations  seem  to  have  been  more  extensive  than  those  on  Wil- 

^  JamisoDy  C.  E.,  Qeoliogy  aod  mineral  rasooioes  of  Fremont  County,  Wyo.,  p.  79,  Cheyenno,  1911. 
s  Sehndor,  F.  C,  Gold  placers  on  Wind  and  Bighorn  rivers,  Wyo.:  U.  8.  Oeoi.  Survey  Bull.  580,  p.  142, 
1914. 
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low  Creek.  Because  the  gravel  flat  is  broad,  the  stream  grade  slight, 
and  the  gravel  bed  rather  deep,  groimdsluicing  was  not  generally  practi- 
cable and  the  deposits  were  worked  mainly  by  means  of  pits  sunk  tb 
bedrock.  Placer  workings  below  Atlantic  City  are  reported  to  have 
3rielded  in  1869  from  $3.50  to  $12  a  day  ^  to  the  man. 

After  1876  and  until  about  1884  Uttle  interest  was  manifested  in 
the  Rock  Creek  placers.  In  1884  French  capital  was  brought  into 
the  district  through  the  efforts  of  an  engineer  named  £)mile  Granier. 
The  following  letter  from  Granier  to  L.  D.  Ricketts  is  quoted  from  the 
report  of  the  Wyoming  Territorial  Geologist  for  1886 : 

In  1884  I  bought  from  the  original  locators  some  placer  claimB  on  Willow  Creek, 
Rock  Creek,  Strawberry  Creek,  and  Sweetwater  River,  and  the  next  year  I  commenced 
digging  ditches  for  the  proposed  working  by  those  creeks.  The  ditch  is  10.5  miles  ' 
long,  3  feet  wide  at  the  bottom,  6.75  feet  wide  at  the  top,  2.5  feet  deep,  with  10  feet 
grade  to  the  mile,  and  can  carry  40  feet  of  water  per  second.  I  expected  that  the 
ditch  would  be  filled  up  with  water  of  Rock  Creek  alone  long  enough  to  wash  during 
the  whole  summer;  but  Rock  Creek  was  not  sufficient,  and  I  had  to  finish  the  big 
ditch  that  yrill  carry  the  water  of  Christina  Lake  to  the  head  of  Rock  Creek.  This 
ditch  is  6  miles  long,  5  feet  wide  at  the  bottom,  11  feet  wide  at  water  line,  and  3  feet 
deep  and  16  feet  grade  per  mile,  and  can  carry  144  feet  of  water  per  second.  It  was 
cut  through  solid  granite  rock  for  more  than  half  of  the  way.  1 1  has  a  flume,  on  trestles 
70  feet  high  and  500  feet  long,  6  feet  wide  and  4  feet  high. 

Christina  Lake  is  about  1 J  miles  long,  and  it  is  situated  at  the  foot  of  Atlantic  Peak, 
at  10,000  feet  above  the  level  of  the  sea. 

I  intend  to  wash  the  Rock  Creek  bottom  with  one  of  Joshua  Hendy's  hydraulic 
elevators,  because  the  grade  of  the  creek  is  so  small  that  it  is  impossible  to  wash  off 
the  tailings.    It  is  not  yet  quite  certain  that  this  machine  will  work  well. 

This  plant  was  operated  during  the  three  seasons  1890  to  1892  at 
a  point  about  2  miles  below  Atlantic  City.  A  lai^e  amount  of  gravel 
was  moved,  but  although  the  value  of  the  gold  produced  is  reported 
to  have  been  about  $200,000,  the  operations  of  the  Christina  Lake 
Co.  ceased  in  1892. 

The  following  is  quoted  from  Knight:' 

Special  mention  should  be  made  of  Rock  Creek,  from  Atlantic  for  a  distance  of  4 
miles  below.  The  gulch  is  quite  narrow,  the  fall  slight,  bedrock  rough  and  covered 
with  5  to  10  feet  of  gravel .  The  gold  is  coarse  and  is  found  upon  bedrock .  This  ground 
lies  just  below  the  gold-bearing  zone  and  has  been  prospected  by  pits  and  found  to 
be  very  rich .  Originally  a  Hendy  hydraulic  elevator  was  put  in  to  handle  the  tailings, 
but  for  some  reason  it  failed.  Only  a  couple  of  years  ago  [that  is,  about  1899]  a  steam 
shovel  was  put  in  to  handle  the  gravel,  and  on  this  occasion  the  failure  was  due  to 
lack  of  water.  I  do  not  know  of  any  absolute  figures  relating  to  the  value  of  the 
property  per  cubic  yard,  but  I  am  convinced  that  it  is  sufficiently  rich  to  warrant 
the  installation  of  a  modem  plant  that  will  handle  the  gravel  successfully  and  pay 
handsome  dividend  upon  the  investment. 

1  RaynHmd,  R.  W.,  Statistics  of  mines  and  mining  in  the  States  and  Territories  west  of  the  Rocky 
Mountains  for  1869,  p.  337, 1870. 

s  Actually  conslzucted,  about  5  miles.~A.  C.  8. 

*  Knight,  W.  C,  The  Sweetwater  mining  district,  Fremont  County,  Wyo.:  Wyoming  Univ.  Oeol. 
Survey  Bull.,  June,  1901,  p.  23. 
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The  only  locality  on  Sweetwater  River  that  was  visited  by  the 
writer  lies  immediately  south  of  Lewiston.  Here  a  gravel  deposit 
forms  a  flat  half  a  mile  or  more  long.  Gold  in  the  form  of  minute 
flakes  was  found  in  nearly  all  of  several  lots  of  dirt  that  were  panned. 
These  samples  were  taken  practically  at  the  surface.  The  deposit 
is  about  6  miles  below  the  mouth  of  Rock  Creek  and  by  its  position 
must  have  received  wash  from  both  the  Atlantic  and  the  Lewiston 
lode  zones. 

It  is  considered  that  systematic  sampling  of  this  placer  is  warranted 
and  the  suggestion  is  made  that  this  could  best  be  done  by  means  of 
chum  drills.  An  adequate  number  of  test  shafts  would  be  very 
expensive,  work  already  done  having  shown  that  in  sinking  to  bed- 
rock pumps  of  large  capacity  are  required. 

The  occurrence  of  placer  gold  along  Red  Canyon  (see  PI.  Ill)  is 
worthy  of  passing  mention  because  at  one  time  the  deposits  were 
made  the  basis  of  a  rather  remarkable  promoting  exploit.  Certain 
capitalists  were  induced  to  form  a  company  and  to  buy  up  all  the 
lands  along  the  creek  bottom,  most  of  which  were  owned  by  prosper- 
ous ranchers.  Although  the  ground  is  commonly  regarded  as  value- 
less for  mining,  the  ranches  are  all  tenanted,  garden  truck,  fruit,  and 
alfalfa  are  raised,  sheep  are  wintered,  and  the  venture  appears  to  have 
been  financially  successful.  The  uppermost  farm,  known  as  the 
Tweed  ranch,  is  served  by  a  ditch  from  Twin  Creek.  Adjacent  to 
this  ditch  and  visible  from  the  wagon  road  there  are  old  placer  work- 
ings at  several  points.  A  general  cover  of  gravel  appears  on  the  broad 
ridge  that  forms  the  divide  between  Red  Canyon  and  Twin  Creek, 
and  it  is  obvious  that  the  locally  concentrated  gold  has  been  derived 
from  this  deposit.  The  bedrock  formations  are  limestone  and  sand- 
stones, but  the  gravel  is  composed  almost  entirely  of  crystalline  rocks 
which  must  have  come  from  the  Wind  River  Range,  a  considerable 
distance  west  of  the  present  headwaters  of  Red  Canyon  and  Twin 
creeks.  Perched  high  above  the  beds  of  the  nearest  streams  and 
separated  as  they  now  are  from  the  area  of  pre-Cambrian  crystalline 
rocks  by  intervening  canyons,  these  gravel  beds  point  to  marked 
drainage  changes  in  recent  geologic  time — changes  whose  interpre- 
tation can  not  be  attempted  imtil  the  erosional  history  of  the  general 
region  has  been  studied  in  detail. 


ECONOMIC  GEOLOGY  OF  THE  NORTH  URAMIE 

MOUNTAINS,  CONVERSE  AND  ALBANY 

COUNTIES,  WYOMING. 


By  Arthur  C.  Spencer. 


INTRODUCTION. 

During  August,  1914,'  the  writer  visited  all  the  better-known 
localities  in  southern  Converse  County  and  the  northern  tier  of 
townships  in  Albany  County,  Wyo.,  where  prospecting  for  metal- 
liferous ores  has  been  carried  on  at  various  times  during  the  last  30 
or  40  years.  Most  of  the  work  has  been  done  in  the  search  for  cop- 
per, but  at  one  locality  lead  ores  have  been  opened,  at  another 
chromic  iron  ore,  and  at  another  magnetic  iron  ore.  With  one  ex- 
ception all  the  mineral  occurrences  that  were  examined  are  asso- 
ciated with  rocks  of  pre-Cambrian  age,  which  constitute  the  core  of 
the  Laramie  Mountains. 

The  writer  was  fortunate  in  having  as  guide  and  companion  Mr. 
W.  F.  Mecum,  of  Douglas,  Wyo.,  whose  familiarity  with  the  region 
made  it  possible  to  visit  many  widely  separated  localities  in  the 
comparatively  short  space  of  three  weeks. 

NORTH  LARAMIE  MOUNTAINS. 

Definition. — ^The  Laramie  Mountains  are  the  continuation  into 
Wyoming  of  the  Front  Range  of  Colorado.  Lying  between  the 
Great  Plains  on  the  east  and  the  Laramie  Basin  on  the  west  the 
range,  from  10  to  25  miles  wide,  trends  north  from  the  State  boun- 
dary to  Laramie  Peak,  a  distance  of  85  miles,  thence  northwest  for 
about  50  miles,  where  its  characteristic  features  are  lost  in  the  vicin- 
ity of  Casper.  Parts  of  the  range  near  Casper  have  received  distinc- 
tive names,  being  known  as  the  Casper,  Haystack,  and  Deer  Creek 
ranges.  The  following  notes  relate  only  to  the  northern  part  of  the 
range. 

Configuration. — The  topography  of  the  range  is  in  general  rugged, 
but  the  upper  valleys  of  some  of  the  streams  are  rather  broad,  and 
there  are  many  interstream  areas  that  are  fairly  smooth.  Locally 
along  the  water  parting  such  areas  merge  to  form  rolling  uplands  of 
considerable  extent.  Above  these  comparatively  smooth  areas  rise 
the  higher  moimtains  and  below  them,  aJong  the  lower  courses  of  the 
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Streams,  deep  and  steep-walled  gorges  have  been  excavated.  The 
height  of  land,  as  determined  both  by  the  principal  summits  and  by 
the  momitain  passes,  lies  well  to  the  southwest  of  the  axis  of  the 
range. 

Laramie  Peak,  the  culminating  summit,  reaches  an  elevation  above 
10,000  feet,  other  mountains  to  the  northwest  ranging  from  about 
9,000  down  to  8,000  feet  in  height,  and  near  the  end  of  the  range 
down  to  about  7,000  feet.  The  principal  defiles  are  at  elevations  of 
7,000  to  8,000  feet.  Except  in  the  vicinity  of  Laramie  Peak  the 
roughest  part  of  this  northern  section  of  the  range  is  along  a  zone 
Ijdng  a  short  distance  back  of  the  curving  edge  of  the  area  of 
crystalline  rocks  which  faces  northeast  and  north.  Here  the  streams 
commonly  flow  in  narrow  canyons  from  500  to  700  "feet  or  more  in 
depth;  and  as  the  gorges  are  rather  closely  spaced  the  topography  is 
extremely  rough. 

Drainage, — North  Platte  River  flows  nearly  due  north  from  its 
source  west  of  the  Medicine  Bow  Mountains  in  North  Park,  Colo., 
for  about  100  miles  to  the  mouth  of  Sweetwater  River,  where  it  turns 
to  sweep  in  a  great  curve  around  the  northwest  end  of  the  Laramie 
Range  to  Casper,  thence  flows  east  to  Douglas  and  southeastward 
across  the  High  Plains  of  Wyoming  and  Nebraska.  Thus  the  north- 
em  part  of  the  Laramie  Range  is  drained  on  both  sides  by  tributa- 
ries of  the  North  Platte — on  the  southwest  by  headwater  streams  of 
Medicine  Bow  River  and  on  the  west,  north,  and  east  by  creeks  that 
flow  directly  to  the  master  stream. 

The  drainage  pattern  is  distinctly  asymmetric,  the  divide  between 
streams  that  flow  south  or  southwest  and  those  that  flow  north,  north- 
east, or  east  being  situated  southeast  of  the  axis  of  the  mountainous 
belt. 

Climaie. — ^The  average  yearly  precipitation  within  the  northern 
part  of  the  Laramie  Range  is  probably  about  20  inches,  or  perhaps 
somewhat  more  than  50  per  cent  above  that  on  the  plains  to  the  east 
and  double  that  on  the  Laramie  Plains.  This  figure  is  an  estimate 
based  on  the  general  character  of  vegetation  and  on  the  distribution 
of  floral  assemblages.  At  Lusk,  on  the  high  plains  in  southeastern 
Converse  County,  the  annual  precipitation  is  about  13  inches;  at 
Fort  Laramie,  50  miles  south  of  Lusk,  about  II  inches;  and  at  Lara- 
mie about'  10  inches.  Meteorologic  records  relating  to  the  stations 
named  show  that  the  spring  and  summer  precipitation  is  materially 
greater  than  that  of  autumn  and  winter;  but  as  in  the  mountains 
the  winter  snows  commonly  accumulate  to  depths  of  2  feet  or  more 
it  is  evident  that  here  the  precipitation  is  more  evenly  distributed 
throughout  the  seasons. 

The  mean  annual  temperature  at  elevations  below  6,000  feet  is 
probably  about  42°  F.,  the  extreme  range  being  from  —35®  to  + 100*^. 
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Above  6,000  feet  the  temperatures  are  of  course  lower,  especially  in 
summer,  *and  frosts  may  occur  during  any  month  in  localities  at 
about  7,000  feet. 

Vegetatum,  stock  raising,  and  agriculture. — Like  the  Great  Plains, 
the  foothills  and  middle  slopes  of  the  Laramie  Mountains  are  clothed 
with  grasses,  growth  of  which  is  especially  luxuriant  between  eleya- 
tions  of  5,000  and  7,000  feet,  or  locally  even  up  to  8,000  feet.  Grass 
and  sagebrush  grow  together  on  ridge  slopes  up  to  6,500  feet  and 
locally  at  higher  elevations,  but  ridges  and  many  extensive  areas  above 
this  level  are  covered  by  grass  alone.  This  region,  in  common  with 
Wyoming  as  a  whole,  supports  an  extensive  grazing  industry.  Horses, 
beef  cattle,  and  sheep  range  through  the  mountains  from  May  until 
late  in  September,  when  they  are  moved  to  valley  ranches  or  to 
winter  ranges  on  the  surroimding  plains. 

Dry-land  farming  is  carried  on,  though  perhaps  in  general  not  with 
signal  success,  in  smooth  areas  up  to  elevations  of  7,000  feet,  where 
wheat,  oats,  and  potatoes  usually  matins  during  a  short  growing 
season  and  where  many  garden  plants  may  be  successfully  grown. 

In  the  broader  valleys  of  the  principal  creeks,  usually  below  6,000 
feet  in  elevation,  oats,  wheat,  and  forage  crops,  including  alfalfa  and 
timothy,  are  grown  on  irrigated  ranches.  Some  of  these  operations 
carried  on  in  connection  with  sheep  or  cattle  raising  are  on  a  large 
scale.  Apples,  small  fruits,  and  garden  truck  are  also  raised.  Some 
of  the  irrigated  lands  of  the  foothill  belt  utilizing  the  natural  flow 
of  the  mountain  streams  have  been  under  cultivation  since  about  1880. 

On  La  Prele  Creek,  about  10  miles  east  of  Douglas,  a  great  dam 
of  concrete  now  stores  the  winter  waters  of  this  stream  for  use  during 
the  growing  season.  These  works  have  greatly  extended  the  amount 
of  land  irrigable  from  La  Prele  Creek,  and  the  dam  is  so  placed 
that  the  water  may  be  used  for  generating  electric  energy,  the  use 
of  which  is  contemplated  for  pumping  water  to  irrigate  lands  along 
the  north  side  of  North  Platte  River  west  of  Douglas.  Other 
projects  of  the  same  sort  in  this  region  are  probably  feasible. 

A  large  part  of  the  mountainous  area  lying  above  an  elevation 
of  7,000  feet  supports  a  forest  growth  comprising  white  and  yellow 
pines  suitable  for  high-class  lumber  and  the  less  valuable  lodge- 
pole  and  jack  pines.  Spruce  and  balsam  fir  occur  but  are  not  abun- 
dant, excepting  on  the  slopes  of  Laramie  Peak.  Aspen  is  the  prin- 
cipal deciduous  tree  in  the  mountains.  Cottonwood  and  the  maple- 
leaved  ash  or  box  elder  grow  along  the  lower  valleys. 

At  a  number  of  places  sawmills  have  been  operated,  their  product 
having  been  sold  to  ranchers  and  even  at  railroad  points  in  compe- 
tition with  lumber  from  distant  points.     The  better  or  more  accessi- 
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ble  forests  have  been  cut  over,  so  that  this  industry  has  greatly  de- 
chned  in  recent  years. 

Railroads, — ^The  region  in  which  the  North  Laramie  Mountains  lie 
is  served  by  four  railroads.  The  southern  part  of  the  range  is  best 
reached  from  Medicine  Bow  statioq,  on  the  Union  Pacific  Railroad. 
East  of  the  mountains  is  the  Une  of  the  Colorado  &  Southern  Rail- 
way,  running  north  from  Cheyenne  to  Hartville  Junction,  southeast 
of  Orin.  North  of  the  range  are  the  Chicago  &  Northwestern  Rail- 
way and  the  Chicago,  Biu'hngton  &  Quincy  Railroad,  which  run  parallel 
with  North  Platte  River  westward  from  Orin  as  far  as  Casper. 

Wa^on  roads, — ^There  are  several  easy  routes  north  and  south  or 
northeast  and  southwest  across  the  range,  along  any  one  of  which 
a  good  road  could  be  maintained  with  a  moderate  expenditure. 
Formerly  there  was  a  stage  line  from  Medicine  Bow  and  Rock  Creek 
stations,  on  the  Union  Pacific  Railroad,  directly  north  to  Fort 
Fetterman.  At  present  most  of  the  transmoimtain  roads  are  out 
of  repair,  but  a  fairly  good  road  is  maintained  through  Cold  Spring 
Pass,  at  the  head  of  La  Prele  Creek.  Routes  parallel  with  the 
principal  creeks  are  comparatively  easy,  but  travel  parallel  with 
the  mountain  axis  is  everywhere  difficult  and  in  the  main  imprac- 
ticable. Still  nearly  all  parts  of  the  region  are  accessible,  though 
many  localities  can  be  reached  only  by  making  long  detours  from 
the  main  lines  of  travel. 

From  Glendo  there  is  a  good  road  into  the  district  north  of  Laramie 
Peak,  and  this  country  is  also  readily  accessible  from  Douglas. 
Mining  prospects  in  the  upper  drainage  basins  of  La  Bonte  and  La 
Prele  creeks  are  most  directly  reached  from  Douglas,  and  localities 
farther  west  in  Converse  County  either  from  Glenrock  or  from  Casper. 

GEOLOGY. 

aSNEBAL  STBATIGBAFHY  AND  STBUCTT7BE. 

The  Laramie  Range  as  a  whole  comprises  a  central  belt  of  pre- 
Cambrian  crystalline  rocks  flanked  on  both  sides  by  areas  of  stratified 
rocks  that  range  in  age  from  Carboniferous  to  late  Cretaceous  and 
early  Tertiary.  Later  Tertiary  formations  are  also  prominent  locally, 
and  Quaternary  deposits  may  be  recognized  at  several  places  just 
outside  of  the  mountainous  belt. 

The  structure  of  the  range  is  anticlinal.  The  older  crystalline  rocks 
have  been,  as  it  were,  pushed  up  along  the  axial  belt,  so  that  the 
younger  sedimentary  rocks  dip  away  from  the  core  on  both  sides. 
The  nature  of  the  contact  between  the  crystalline  rocks  and  the  low- 
est sedimentary  beds  shows  that  the  sediments  were  deposited  on 
a  nearly  smooth  suface.  There  is  no  doubt  that  the  Paleozoic  and 
Mesozoic  formations,  now  seen  in  uptilted  positions,  once  extended 
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across  the  area  occupied  by  the  mountamsy  having  been  since 
removed  by  erosion. 

On  the  east  and  north  side  of  the  mountains  the  sedimentary 
formations  aknost  everywhere  have  steep  dips,  and  locally  there  are 
strong  faults  parallel  with  the  general  strike.  In  a  few  places 
there  are  cross  faults  which  produce  sharp  irregularities  in  the 
boundary  between  sedimentary  and  crystalline  rocks.  On  the 
side  of  the  range  next  to  the  Laramie  Plains  the  dips  are  more  gentle, 
so  that  the  profile  of  the  uplift,  if  restored,  would  be  that  of  an 
asymmetric  arch  with  its  crest  well  over  toward  the  convex  side  of 
the  belt  of  crystalline  rocks.    This  belt  is  from  10  to  25  miles  wide. 

Soiith  of  Laramie  Peak  the  structure  appears  to  be  simple,  but 
toward  the  northwest  the  main  arch  is  flanked  on  the  north  by  a 
series  of  minor  flexures,  almost  the  whole  of  the  sedimentary  series 
being  here  sharply  but  irregularly  corrugated,  within  a  zone  about 
10  miles  wide,  now  characterized  by  considerable  topographic 
rdief .  Subsequent  to  the  uplift,  which  is  assigned  to  the  Laramide 
revolution,  erosion  was  active  during  a  long  period,  and  the  general 
top(^raphy  of  the  region  came  to  be  very  much  what  it  is  at  present. 
Toward  the  end  of  this  erosional  period  the  downstream  parts  of 
the  main  river  valleys  to  the  east  became  clogged  with  debris,  and 
gradually  the  deposition  of  materials  derived  from  the  mountains 
progressed  upstream.  The  stream  channels  shifted  from  side  to 
side,  so  that  their  deposits  eventually  merged  to  form  extensive 
mantles  of  sedimentary  material  that  covered  the  former  foothills 
of  the  range  and  extended  in  many  places  well  up  on  the  mountain 
ridges  and  along  some  of  the  wider  valleys  quite  to  the  main  divide. 

In  this  general  region  several  Tertiary  formations  ranging  in  age 
from  Eocene  to  Miocene  have  been  recognized.  The  deposits  of  the 
Laramie  Mountains  belong  mainly,  if  not  entirely,  to  the  Oligocene 
White  River  formation. 

After  the  accumulation  of  the  White  River  beds  the  region  was 
one  of  "buried  mountains,''  all  the  deeper  valleys  having  been  partly 
filled.  Next  came  a  renewal  of  active  erosion.  Within  the  moun- 
tains much  of  the  debris  was  carried  away  and  the  streams  cut  their 
present  valleys.  One  result  of  the  deep  infilling  in  Tertiary  time  was 
the  diversion  of  the  larger  creeks  from  their  previous  courses.  When 
erosion  was  renewed  the  new  channels  were  maintained,  and  where 
bedrock  was  encountered  narrow  canyons  were  excavated.  In 
places,  therefore,  the  topography  is  now  rougher  than  it  was  before 
the  deposition  of  the  White  River  formation. 

The  crjrstaUine  rocks  that  form  the  core  of  the  mountains  comprise 
coarse  granite,  serpentine,  dark  schists,  and  numerous  nearly  black 
dikes  of  diabase.  The  structural  lines  in  this  crystalline  area  gener- 
ally trend  southwest  or  transverse  to  the  axis  of  the  range. 
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THE  GEOLOGIC  MAP. 

j  The  topography  of  the  North  Laramie  Mountams  and  the  general 

distribution  of  the  crystalline  rocks  and  sedimentary  formations  along 
the  range  are  shown  on  the  accompanying  map  (PI.  TV).    This  map 
is  mainly  the  result  of  field  work  done  by  N.  H.  Darton  and  assistantg"'^ 
in  1906  and  1907,  but  in  its  compilation  a  map  of  the  Douglas  oi> 


field  by  V.  H.  Barnett  has  been  used  and  observations  by  C.  J.  Hares 
and  by  the  present  writer  have  been  incorporated. 

The  short  descriptions  of  the  sedimentary  formations  ocourring 

within  the  area  discussed  in  this  report  are  written  by  N.  H.  Darton, 
who  has  previously  mapped  the  area  on  a  smaller  scale  and  pftrtii 
of  it  on  the  same  scale.  (See  pp.  53-56.)  The  time  spent  in  the^  "' 
region  by  the  writer  was  very  short,  and  no  attempt  was  made  to  ^-  q^ 
separate  the  different  crystalline  rocks,  so  that  in  this  connection^^^ 
the  map  is  useful  only  in  showing  the  general  extent  of  the  pre-  tw  j 
Cambrian  complex.  ^-^ 

PBE-CAMBBIAN  BOCKS.  "i 

The  complex  of  crystalline  rocks  which  constitutes  the  core  of       ■, 
the  North  Laramie  Moimtains  has  not  been  studied  in  detail,  but^    ^. 
observations  along  routes  traveled  by  the  writer  are  8u£Bicient  to 
show  the  general  resemblance  of  the  pre-Cambrian  complex  here.:^_j_ 
and  in  other  districts  to  the  south  and  west.    The  rocks  of  the  Slier-     ^Ji 
man  quadrangle,^  the  northern  edge  of  which  is  about  25  miles  south  Ic^ 
of  Laramie  Peak,  comprise  schists  and  gneisses,  which  are  regarded 
as  in  part  of  sedimentary  and  in  part  of  igneous  origin,  and  these  ,_ 
rocks  are  interrupted  by  intrusive  bodies  of  gabbro,  syenite,  anor- 
thosite,  granite,  and  granite  porphyry.    There   are  many  narrow         i 
dikes  of  diabase  and  diorite  which  cut  all  the  rocks  named  above,  "i- ■* 
The  contacts  between  the  different  sorts  of  rocks  commonly  trend  '-^^ 
southwest. 

West  of  the  termination  of  the  Laramie  Range,  in  the  lower  Sweet- 
water country,  the  principal  rocks  of  the  pre-Cambrian  areas  are    vT" 
red  and  gray  granites,  but  there  are  also  bodies  of  schist,  as  well  as 
many  narrow  black  or  greenish  dikes  that  nm  in  northeast  courses.    ^ 

As  in  the  neighboring  regions  that  have  been  mentioned,  coarse- 
grained granites  are  the  most  abundant  rocks  in  the  nucleus  or  core 
of  the  North  Laramie  Mountains.     North  of  Laramie  Peak,  in  the     "^  \ 
headwater  region  of  Horseshoe  and  Elkhom  creeks,  there  are  con-      *-| 
siderable  areas  of  dark  schistose  rocks,  more  or  less  broken  from 
place  iO'.  place  by-4ntiaided  masses  of  granite.    The  schists  trend      ^  i 
sDUthwd^  and  tK9L*iW>i^ifi^ts  between  schists  and  intrusive  rocks  are      •^ 

^ .■■^.:  ;  ,■■;>».'■• ' ■ 

1  U.  ^.  Geol!  Survey  Oeol.  AUas,  Lanunto-Sherman  folio  (No.  173),  1910. 
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as  a  rale  steeply  inclined  or  nearly  vertical.  The  writer's  impres- 
sion of  these  highly  metamorphosed  rocks  is  that  they  represent  a 
series  of  interlayered  sediments  and  volcanic  rocks.  Schists  like 
those  occurring  in  the  eastern  part  of  the  region  were  not  noted  in 
traveling  by  a  circuitous  route  from  Spring  Hill  post  office  centrally 
along  the  range  to  Boxelder  Creek.  Hornblende  schist  was  seen, 
however,  on  the  south  side  of  the  range  along  the  Converse-Albany 
line  in  R.  76  W.,  and  the  same  rock  is  reported  to  occur  in  the  high 
mountains  at  the  head  of  Boxelder  Creek.  Throughout  the  middle 
section  of  the  range  coarse  grained  gray  and  red  granites  abound, 
and  in  the  main  they  are  interrupted  only  by  narrow  dikes  of  diabase. 

Pegmatites,  which  are  particularly  coarse  grained  phases  of  the 
granite,  occur  in  relatively  small  masses  in  all  parts  of  the  district. 

In  the  western  part  of  the  range  the  granites  predominate  to  a 
less  degree  and  dark  schists  occur  in  many  places.  Locally  these 
rocks  inclose  masses  of  serpentine,  a  metamorphic  igneous  rock 
older  than  the  granites.  In  Natrona  County,  west  of  the  area  vis- 
ited, the  serpentine  contains  asbestos  deposits  which  have  been 
under  development  for  several  years  and  which  it  is  hoped  will  prove 
to  be  of  industrial  importance. 

SEDIHENTABY  BOCKS. 
By  N.  H.  Daston. 

GENERAL  FEATDBE8. 

The  sedimentary  rocks  ^  on  the  north  slope  of  the  Laramie  Moun- 
tains comprise  strata  from  Carboniferous  to  early  Tertiary  in  age. 
The  succession  appears  to  be  conformable,  but  not  all  the  geologic 
epochs  are  fully  represented.  The  principal  gaps  are  part  of  the 
Jurassic  and  probably  much,  if  not  all,  of  the  Triassic.  The  Tertiary 
is  represented  by  some  of  its  earlier  deposits  in  conformable  sequence 
and  also  by  the  White  River  formation,  which  overlaps  the  other 
formations  and  in  places  lies  on  the  granites  and  schists. 

CARBONIFEROnS   SYSTEM. 

Cdsper  f<yrTfiat%on, — The  granites,  schists,  and  other  crystalline 
rocks  of  the  Laramie  Motmtains  are  overlain  by  the  sandstones  and 
limestones  of  the  Casper  formation,  whose  thickness  ranges  from 
400  to  700  feet.  The  maximum  thickness  is  shown  on  La  Bonte 
Creek  a  mile  northwest  of  Spring  Hill.  A  basal  sandstone  or  quartz- 
ite,  in  most  places  conglomeratic,  is  60  to  100  feet  thick  in  the  western 

1  These  rocks  are  described  by  N.  H.  Darton  (Paleosoic  and  Mesozoic  of  central  Wyoming:  Oeol.  Soc. 
America  BalL,  toL  10,  pp.  403-470,  pb.  21-30, 1908),  and  the  upper  beds  also  by  V.  H.  Bamett  (PossiblU- 
ties  of  oil  In  the  Big  Muddy  dome:  U.  8.  Ged.  Survey  BuU.  681,  pp.  106-117, 1014;  The  Douglas  oU  and 
gaslMd:  U.  8.  0«qL  Survay  BulL  641,  pp.  40-88,  pi.  4»  1014). 
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part  of  the  region  but  thins  toward  the  east,  so  that  in  slopes  west 
and  south  of  Douglas  the  limestones  are  not  far  above  the  crystal- 
line rocks.  These  limestones  are  light  gray  and  from  200  to  500  feet 
thick.  They  are  overlain  by  a  hard  gray  massive  sandstone  which 
constitutes  most  of  the  moimtain  slopes.  Extensive  exposures 
occur  in  Muddy,  Deer,  Boxelder,  and  La  Prele  canyons.  In  La  Prele 
Canyon  the  strata  are  flexed  in  a  fine  arch  and  the  upper  sandstone 
constitutes  a  well-known  natural  bridge.  The  sandstone  is  massive, 
coarse  grained,  and  usually  light  colored,  but  in  some  of  the  ridges 
west  of  Douglas  it  weathers  dark  brown.  It  probably  represents 
the  Tensleep  sandstone  of  the  region  farther  north. 

Fossils  are  not  often  found  in  the  Casper  beds,  but  thos^  obtained 
indicate  that  while  the  formation  belongs  mainly  in  the  Pennsyl- 
vanian  series  possibly  the  basal  beds  may  be  Mississippian. 

SaianJca  (f)  shale  and  Forelle  (?)  limestone. — ^The  sandstone  at  the 
top  of  the  Casper  formation  is  overlain  by  50  to  80  feet  of  red  shale 
and  this  in  turn  by  20  to  30  feet  of  limestone.  These  beds  are  sup- 
posed to  represent  the  Satanka  shale  and  Forelle  limestone  of  the 
Laramie  Basin  or  the  Opeche  formation  and  Minnekahta  limestone 
of  the  Black  Hills  in  South  Dakota.  They  crop  out  along  the  south 
side  of  the  Casper  Range,  on  the  north  slope  of  the  Deer  Creek  Range, 
on  La  Prele  Creek  south  of  Inez,  in  the  uplifts  east  and  southeast 
of  Beaver,  and  on  the  west  side  of  the  Laramie  Moimtains.  A  smaU 
outcrop  of  the  limestone  lying  on  50  fe^^t  of  shale  appears  in  the  bank 
of  North  Platte  River  7  miles  south  of  Douglas. 

TRIA88IC  (?)  SYSTEM. 

ChugvxUerfornuUum. — ^The  red  shales  and  sandstones  of  the  Chug- 
water  formation  crop  out  on  the  south  side  of  the  Casper  Range,  on  both 
slopes  of  the  Haystack  Range,  on  the  north  side  of  the  Deer  Creek 
Range,  in  the  several  small  uplifts  south  of  Douglas,  in  the  ridge 
east  of  Freeland,  and  along  the  west  side  of  the  Laramie  Range  near 
Marshall  and  Little  Medicine.  They  probably  underlie  the  White 
River  formation  in  part  of  the  valley  about  Beaver  and  southwest 
of  Inez.  The  thickness  of  the  formation  averages  about  1,200  feet, 
but  on  La  Prele  Creek  it  has  been  estimated  at  1,500  feet.  Thin 
beds  of  limestone  and  gypsum  are  included  at  some  locaUties,  notably 
at  the  east  end  of  the  Casper  Range  and  north  of  Freeland. 

JURASSIC   SYSTEM. 

Sundance formaiUm. — The  Sundance  formation  is  exposed  in  narrow 
zones  of  outcrop  adjoining  those  of  the  Chugwater  formation  men- 
tioned above.  The  most  extensive  exposures  are  in  the  uplifts  south 
of  Douglas  and  near  Freeland.    The  thickness  of  the  formation 
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ranges  from  200  to  300  feet.  The  basal  beds  consist  largely  of  buff 
to  reddish  sandstones,  and  the  upper  beds  are  made  up  of  150  to  200 
feet  of  gray  shale  with  thin  layers  of  limestone  filled  with  character- 
istic fossils  of  Jurassic  age.  The  shales  are  mostly  dark  gray  and 
fissile,  and  therefore  differ  in  character  from  the  Morrison  deposits. 

JURASSIC  OR   CRETACEOUS   SYSTEM. 

Morrison  farmaium. — ^The  gray  clay  of  the  Morrison  formation 
overlies  the  Sundance  formation,  and  is  exposed  at  many  places 
fnmi  the  Haystack  Range  eastward  to  the  fault  south  of  Glenrock 
and  in  the  ridges  south  of  Douglas. 

The  thickness  of  the  formation  averages  about  150  feet,  and  its 
upper  and  lower  limits  are  clearly  defined.  White  and  pale  greenish- 
gray  clay  or  massive  shale  predominates,  but  some  portions  weather 
pink,  buff,  or  maroon.  Thin  beds  of  sandstone  and  limy  concretions 
are  included  in  the  formation.  Bones  of  characteristic  dinosaurs 
occur  in  some  places,  notably  in  Como  Bluff  and  the  Freezeout  Hills, 
a  short  distance  southwest  of  the  area  treated  in  this  report. 

CRETACEOUS   AND  TERTIARY  SYSTEMS. 

Cleverly  (t)  sandstone. — ^The  prominent  sandstone  series  overlying 
the  Morrison  is  for  the  present  known  as  the  Cloverly  (?)  sandstone,  but 
it  may  here  include  beds  having  a  greater  range  of  age  than  in  the  type 
locality.  It  constitutes  a  lai^e  part  of  the  Haystack  Range,  and  its 
outcrop  extends  as  a  hogback  ridge  along  the  south  side  of  the  Deer 
Creek  valley  to  the  fault  south  of  Glenrock.  It  appears  again  in 
the  numerous  ridges  south  of  Douglas  and  also  in  a  small  area  south 
of  Inez.  The  thickness  of  the  Cloverly  ( ?)  beds  ranges  from  90  to 
140  feet.  The  rock  is  mainly  gray  massive  sandstone  in  two  mem- 
bers, separated  by  20  to  40  feet  of  clay  or  shale  of  buff  to  maroon 
color  similar  to  the  Fuson  formation  of  the  Black  Hills.  The  basal 
portion  is  conglomeratic  at  most  places.  The  upper  sandstone  is 
thin  bedded  and  rusty  in  color.  South  of  Douglas  there  are  three 
sandstone  members. 

Benton  shale. — ^In  the  Benton  shale  begin  the  thick  deposits  of  black 
ahale,  which  constitute  a  large  part  of  the  Upper  Cretaceous  section. 
The  formation  occupies  an  area  of  considerable  extent  in  the  syn- 
cline  of  Muddy  Creek  and  in  the  valley  of  Little  Medicine  Bow  River. 
Its  outcrop  abo  extends  along  part  of  the  valley  of  Bates  Creek,  the 
north  dope  of  the  Casper  Range,  and  the  foot  of  the  mountain  south 
of  Glenrock.  The  Benton  shale  is  about  1,500  feet  thick.  About 
225  feet  above  its  base  it  includes  the  Mowry  shale  member  of  light- 
gray  hard  shale  containing  large  numbers  of  fish  scales.  This  mem- 
ber is  about  175  feet  thick  and  is  succeeded  by  dark  shale  contain- 
U2g  a  lOO-foot  sandstone  member  about  300  feet  below  its  top. 
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Niobrara  shale. — ^The  dark  shales  at  the  top  of  the  Benton  give 
place  within  a  short  distance  to  the  Niobrara  shale,  which  crops  out 
almost  continuously  along  the  north  foot  of  the  mountains  from  a 
point  south  of  Casper  to  Boxelder  Creek.  It  also  crops  out  in  the 
valleys  of  Bates  Creek,  Little  Medicine  Bow  River,  and  Wagonhound 
Creek.  The  formation  is  about  250  feet  thick,  and  the  shales  are  in 
large  part  of  light  color,  owing  to  the  admixture  of  calciimi  carbon- 
ate. They  weather  to  a  pale-yellow  tint,  which  is  very  character- 
istic. Some  of  the  beds  contain  Ostrea  congesta,  mostly  in  small 
masses  or  thin  layers. 

Laier  Cretaceous  and  early  Tertiary  forrnations. — ^Above  the  Niobrara 
shale  in  parts  of  this  area  are  more  than  9,100  feet  of  shales  with 
interbedded  sandstones  and  a  few  coal  beds  which  represent  the 
Steele  shale,  the  Mesaverde,  and  higher  Cretaceous  formations;  the 
Lance  formation,  classified  as  Tertiary  ( ?) ;  and  the  Fort  Union  for- 
mation, of  Tertiary  (Eocene)  age. 

White  River  formation. — ^The  white  day  and  fine  sand  of  the  White 
River  formation  occur  in  many  places  on  the  northern  slopes  of  the 
Laramie  Mountains  and  adjoining  ranges.  Originally  the  formation 
covered  all  but  the  higher  portions  of  the  region,  and  much  of  it  has 
been  removed  by  erosion.  Bodies  of  considerable  size  occur  in  the 
La  Prele  Valley  about  Beaver,  and  smaller  outUers  remain  in  the  val- 
leys south  of  the  Deer  Creek  Range.  A  large  area  extends  along  t£e 
north  slope  of  the  mountains  southwest  of  Douglas,  and  most  of  the 
La  Bonte  Valley  as  far  south  as  Spring  HiU  is  in  White  River  beds. 
In  many  places  these  deposits  contain  bones  which  indicate  that  they 
are  of  OUgocene  age. 

MINERAIi  DEPOSITS  IN  THE  NORTH  liABAMIE 

MOUNTAINS. 

DEVELOPMENT. 

Evidences  of  prospecting,  assigned  by  local  tradition  to  the  period 
immediately  following  the  discovery  of  gold  in  the  Cherry  Creek  and 
Pikes  Peak  districts  in  Colorado,  are  to  be  noted  from  place  to  place 
within  the  area  of  crystalline  rocks  lying  northwest  of  Laramie  Peak. 
Stories  of  gold  having  been  won  by  individuals  and  of  lost  mines 
are  current,  but  no  printed  records  are  known  to  justify  the  belief 
/that  there  has  ever  been  any  production  worthy  of  mention.  A 
discovery  of  gold  in  the  vicinity  of  War  Bonnet  Peak,  15  or  20  years 
ago,  caused  a  short-lived  interest  in  the  country  at  the  head  of  La 
Prele  and  La  Bonte  creeks.  Though  a  promising  vein  was  discov- 
ered the  ore  proved  to  be  a  mere  pocket,  and  systematic  work  was 
soon  abandoned.  Since  about  1875  more  or  less  prospecting  has 
been  going  on  in  one  place  or  another,  during  more  recent  years 
mainly  in  the  search  for  copper  ores. 
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The  results  of  work  thus  far  have  been  disappomting,  and  after 
having  visited  nearly  all  the  principal  prospects  the  writer  concludes 
that  th^re  is  little  or  no  chance  that  really  extensive  copper  deposits 
wiU  ever  be  developed.  It  may  be  that  some  small  deposits  will  be 
mined,  but  even  for  these  the  outlook  is  not  very  encouraging. 

Several  occurrences  of  magnetite  were  noted,  but  though  some  of 
the  material  is  rich  in  iron,  there  are  no  indications  that  large  deposits 
exist. 

Chromite  occurs  in  western  Converse  County  but  is  remote  from 
railroad  transportation,  and  the  writer's  observations  indicate  that 
the  deposit  is  not  of  sufficient  size  to  warrant  the  undertaking  of 
mining  operations. 

Deposits  of  asbestos  in  Natrona  County,  south  of  Casper,  were  not 
studied  in  connection  with  the  present  report,  as  they  have  been 
described  by  Diller.*  There  has  been  some  prospecting  for  this 
mineral  in  western  Converse  Coimty,  but  there  has  been  no  produc- 
tion, and  if  workable  deposits  exist,  it  is  not  Ukely  that  they  will 
have  any  value,  unless  efforts  to  place  the  more  fully  developed 
deposits,  referred  to  above,  on  a  profitable  industrial  basis  are 
successful. 

Although  no  mining  districts  have  been  organized,  the  country 
immediately  tributary  to  Esterbrook  post  office  has  been  called  the 
Spring  Hill  or  preferably  the  North  Laramie  Peak  district;  the  head- 
water region  of  La  Prele  and  La  Bonte  creeks  has  been  called  the 
War  Bonnet  district,  and  part  of  the  country  drained  by  Deer  Creek 
the  Deer  Creek  district.  Mining  claims  in  Converse  County  must  be 
registered  in  the  United  States  land  office  at  Douglas  and  those  in 
Albany  Coimty  at  Laramie. 

The  accompanying  sketch  map  (PI.  V)  shows  the  approximate 
locations  of  the  mining  prospects  that  are  mentioned  in  the  following 
pages. 

KOBTH  TiATlAMm  PEAK  DISTRICT. 
LOCATION   AND  OEOLOGT. 

Esterbrook  post  office,  near  the  center  of  the  North  Laramie  Peak 
district,  is  about  25  mUes  south  of  Douglas  and  20  miles  west  and 
somewhat  south  of  Glendo.  The  district  may  be  regarded  as  com- 
prising an  area  measuring  about  15  miles  from  east  to  west  and  12 
miles  from  north  to  south,  the  northern  half  lying  in  Converse  Coimty 
and  the  southern  half  in  the  northeast  corner  of  Albany  County. 

Prospecting  for  mineral  deposits  has  been  carried  on  principally  in 
the  eastern  part  of  the  district.     Here  the  gravel  and  sand  deposits  of 

>  Dflter,  J.  S.,  ThB  types,  modes  of  occuireooe,  and  importaiit  deposits  of  asbestos  in  the  United  States: 
U.  S.  GeoL  Survey  BuU.  470,  pp.  50S-524, 1911. 
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the  White  River  formation  overlap  the  crystalline  rocks  both  from 
the  north  and  from  the  east,  but  in  such  a  manner  as  to  leave  an 
irregular  area  of  the  crystalline  rocks  extending  about  7  miles  north- 
ward from  Esterbrook.  The  general  distribution  of  the  crystalline 
and  younger  rocks  is  shown  on  figure  3. 

The  crystalline  rocks  comprise  dark  schists  that  are  usually  rich 
in  hornblende  and  locally  contain  mica,  dikes  of  basic  rock  intrusive 
in  these  schists,  and  granites  that  are  r^arded  as  older  than  most  of 
the  basic  dikes.  The  platy  structure  in  the  schists,  most  of  the 
granite  boundaries,  and  the  dikes  strike  southwest.  Beginning 
about  1^  nules  north  of  Esterbrook,  where  the  wagon  road  crosses 
Little  Horseshoe  Creek,  there  is  a  belt  of  country  about  2  miles  wide 
in  which  the  hornblende  schists  and  accompanying  basic  dikes  are 
not  interrupted  by  any  large  bodies  of  granite,  but  on  the  northwest 
and  the  southeast  this  belt  is  flanked  by  areas  showing  alternating 
bands  of  granite  and  schist.  Observations  in  the  main  area  indicate 
that  the  schists  have  been  derived  in  large  part  from  a  complex  set 
of  volcanic  lavas  and  tuffs  interbedded  with  some  ordinary  sedi- 
ments. That  the  sediments  included  limy  layers  is  shown  by  the 
presence  of  epidote  and  garnet  in  some  of  the  schists.  Though  some 
of  the  dikes  are  not  laminated,  the  minerals  of  others  have  yielded 
to  pressure,  so  that  it  is  not  everywhere  possible  to  distinguish  the 
dike  rocks  from  those  which  they  iirvade.  Outside  of  the  main 
schist  area  the  same  difficulty  is  encountered,  and  though  in  the 
wider  bands  the  schists  are  regarded  as  forming  a  matrix  for  the 
granite,  in  the  narrower  ones  the  dark  rock  is  probably  as  a  rule 
intrusive  with  respect  to  the  granite. 

GENERAL  CHARACTEB   AND  OCCURRENCE  OF  THE  MINERAL  DEPOSTTS. 

There  has  been  more  prospecting  in  the  older  schists  than  in  those 
that  are  supposed  to  be  metamorphosed  dikes,  but  the  latter  show 
some  mineralization  in  several  localities.  Exploration  work  hps  con- 
sisted mainly  in  the  prospecting  of  rock  masses  that  are  more  or  less 
thoroughly  charged  with  one  or  both  of  the  iron  sulphides  pyrite  and 
pyrrhotite,  but  in  several  places  there  are  veinlike  bodies  of  quartz 
that  carry  metallic  sulphides.  Perhaps  as  a  rule  pyrite  and  pyrrhotite 
are  accompanied  by  some  chalcopyrite,  though  usually  the  propor- 
tion of  this  copper  mineral  is  small  and  in  places  it  is  not  visibly 
present  in  the  sulphide-bearing  material.  Pyrrhotite  deposite 
resembling  those  found  near  Esterbrook  occur  in  the  Hartville  dis- 
trict, in  eastern  Wyoming,  and  have  been  prospected  for  copper. 
Galena  occurs  with  pyrite  and  chalcopyrite  in  the  Esterbrook  lode 
but  was  not  noted  elsewhere. 

As  a  rule  the  lodes  and  country  rocks  are  very  tight  and  dense, 
Miat  they  are  not  readily  penetrated  by  surface  waters.     In  con- 
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FlovmB  3. — GMdQglc  sketch  map  of  port  of  North  Laramie  Peak  district. 

by  the  rock  pattern  are  mainly  granite. 
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sequence  the  lodes  are  not  deeply  weathered,  sulphides  may  appear 
within  a  few  feet  of  the  surface,  and  there  has  been  very  little  sulphide 
enrichment.  However,  in  a  few  places  pockets  of  chalcocite  have 
been  found  near  the  surface,  and  green  or  blue  copper  carbonates  are 
present  here  and  there  in  the  limonite  caps.  Usually  water  stands  at 
depths  less  than  60  feet. 

The  sulphide  deposits  are  tabular  bodies  or  thin  lenses  that  have 
been  formed  probably  through  partial  replacement  of  preexisting 
rock.  They  occur  in  overlapping  arrangement  in  more  or  less 
definite  belts.  The  separate  bodies  and  the  belts  as  a  whole  strike 
southwest,  parallel  with  the  structure  of  the  country  rocks.  So  far 
as  noted  the  dips  are  nearly  vertical  or  to  the  northwest  at  rather 
steep  angles.  A  line  from  Horseshoe  Creek  canyon  northward 
through  Esterbrook  crosses  the  schist  and  granite  belts  diagonally 
and  in  a  distance  of  about  9  nules  intersects  eight  or  nine  fairly  distinct 
sulphide  belts.  Nearly  all  the  prospecting  has  been  done  within 
a  north-south  zone  nowhere  much  more  than  2  miles  wide.  Because 
only  parts  of  this  zone  were  traversed  and  outlyitig  localities  were  not 
visited,  no  general  statement  can  be  made  concerning  the  full  extent 
of  mineralization  along  the  strike  of  the  several  sulphide  belts. 
However,  men  familiar  with  the  region  report  that  mineralization  like 
that  in  the  vicinity  of  Esterbrook  occurs  from  place  to  place  as  far 
southwest  as  Eagle  Peak,  which  is  a  prominent  landmark  situated 
west  of  Laramie  Peak.* 

MAOGIB   MUKPUY   BELT. 

The  mining  claims  known  as  the  Maggie  Murphy  group  are  about 
3  miles  south  of  Esterbrook,  on  the  north  side  of  Horseshoe  Creek. 
The  gorge  of  this  stream  is  here  about  700  feet  deep,  and  its  course 
is  a  little  north  of  east.  About  half  a  mile  farther  south  is  a  line  of 
high  rugged  hills  composed  of  coarse  reddish  granite,  and  the  same 
rock  forms  the  steep  but  flaring  walls  of  the  gorge.  North  of  the 
canyon  rim  is  a  terrace  or  bench  where  hornblende  schists  are  inteiv 
layered  with  minor  masses  of  granite,  and  less  than  half  a  mile  to  the 
north  rises  another  line  of  prominent  granite  hills.  Here  as  elsewhere 
in  the  district  the  general  trend  of  structural  lines  is  southwest,  but 
the  strikes  are  somewhat  more  easterly  than  in  the  country  to  the 
north. 

About  1900  the  attention  of  prospectors  was  attracted  to  this 
locality  by  several  outcrops  of  rusty  schist  showing  small  amounts  of 
green  copper  minerals.  This  material  was  rightly  judged  to  be  the 
oxidized  capping  of  sulphide  deposits,  and  subsequent  exploration 
by  means  of  a  shaft  revealed  the  presence  of  a  heavy  body  of  the 
magnetic  iron  sulphide  pyrrhotite.     The  iron  cap  is  said  to  have  been 
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very  shallow.  The  shaft  was  sunk  to  a  depth  of  107  feet,  and  several 
mmor  openings  were  made,  showing  that  sulphide  mineralization 
extends  at  least  half  a  mile  toward  the  southwest  and  for  some 
distance  northeast  of  the  main  workings. 

In  one  of  the  southwestern  openings  a  layer  of  graphite-pyrrhotite 
schist  from  1  to  2  feet  thick  was  found  to  carry  some  chalcopyrite. 
Several  himdred  pounds  of  rock  taken  from  the  shallow  shaft  may 
have  contained  3  or  4  per  cent  of  copper,  but  samples  that  show  no 
visible  chalcopyrite  were  found  by  laboratory  tests  to  contain  no 
copper.  In  another  opening  in  the  southwestern  section  massive 
pyrrhotite  was  found. 

The  material  from  the  deep  shaft  is  principally  schist  composed  of 
hornblende  or  hornblende  and  quartz  mixed  with  pyrrhotite.  Some 
of  the  rock  is  composed  mainly  of  pyrrhotite,  the  hornblende  and 
quartz  being  distributed  as  isolated  grains  or  small  bunches.  Most 
of  the  material  on  the  dump  contains  no  visible  chalcopyrite.  It  is 
not  difficult  to  find  specimens  that  contain  chalcopyrite  in  consider- 
able quantity,  but  apparently  it  occurs  only  in  rock  that  contains 
also  a  greenish  feldspar  (oligoclase),  which  is  usually  rather  coarsely 
intercrystaUized  with  quartz.  This  feldspar-quartz  material  is 
present  in  relatively  small  amounts,  and  its  relation  to  the  mass  of 
sulphide  is  not  clear.  So  far  as  seen  it  does  not  occur  in  clean-walled 
veins  or  dikes,  still  its  general  appearance  suggests  that  it  has  been 
injected  into  the  pyrrhotite-bearing  rock.  Bunches  of  pyrrhotite  that 
are  found  in  it  may  be  inclusions  broken  from  the  matrix.  The 
chalcopyrite  is  mainly  contemporaneous  in  crystallization  with  the 
feldspar  and  quartz,  but  it  also  occurs  with  the  iron  carbonate  siderite 
in  minute  veinlets  cutting  these  minerals.  Rusty  outcrops  300  to 
400  feet  southwest  of  the  shaft  and  pits  in  limonitic  material  northeast 
of  the  shaft  indicate  that  there  is  here  a  body  of  the  pjrrrhotitic  rock 
from  10  to  perhaps  40  feet  wide  and  several  hundred  feet  long,  but 
the  material  seen  on  the  dump  doe^  not  suggest  the  presence  of  any 
valuable  body  of  copper  minerals.  A  possibility  worthy  of  some 
consideration,  however,  is  that  there  may  be  interlayered  shoots  of 
copper  ore  in  the  pyrrhotitic  rock.  Indications  of  such  shoots  might 
be  sought  by  means  of  surface  trenches  or  by  shallow  tunnels  driven 
across  the  lode.  Deep  exploration  should  not  be  undertaken  unless 
encouraging  results  are  first  obtained  by  prospecting  near  the  surface. 

At  the  time  this  property  was  being  prospected  several  buildings 
were  erected  which  are  still  in  good  condition.  The  wagon  road  from 
Esterbrook,  though  now  in  rather  poor  shape,  could  be  repaired  with 
slight  expense. 
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THREE  CRIPPLES  AND  TENDERFOOT  BELTS. 

Just  northwest  of  the  schists  of  the  Maggie  Murphy  locality  is  a 
belt  about  2,000  feet  wide  occupied  mainly  by  granite  but  showing 
also  thin  layers  of  dark  schist  which  are  regarded  as  metamorphosed 
diabase  dikes.  About  a  mile  southeast  of  Esterbrook  prospecting  in 
schists  belonging  to  this  belt  has  revealed  the  presence  of  dissemi- 
nated pyrite,  but  nothing  that  can  be  regarded  as  of  practical  impor- 
tance has  been  discovered. 

Beyond  the  granite  belt  there  is  a  belt  occupied  mainly  by  horn- 
blende schists  but  containing  some  intercalated  bodies  of  pink  granite 
and  locally  dikes  of  white  pegmatite.  Southwest  and  west  of  Ester- 
brook  the  full  width  of  this  belt  is  not  seen,  because  here  the  crystal- 
line rocks  are  hidden  by  White  River  deposits,  but  to  the  northeast  it 
is  nearly  a  mile  wide.  Within  this  belt  near  Esterbrook  and  for  3 
miles  to  the  northeast  there  are  many  shallow  pits  showing  ferrugi- 
nous material  evidently  derived  from  sulphide-bearing  rock,  and  in 
several  places  pyrrhotite  or  pyrite  bodies  have  been  found.  From  a 
rather  cursory  study  it  seems  that  the  whole  belt  may  comprise  two 
or  perhaps  three  fairly  distinct  minor  belts  of  sulphide  deposits.  With 
respect  to  the  possible  occurrence  of  copper  deposits,  the  results  of 
prospecting  thus  far  are  not  regarded  as  encouraging. 

About  half  a  mile  south  of  Esterbrook  post  office  is  the  Three  Crip- 
ples shaft,  said  to  have  been  opened  to  a  depth  of  96  feet  in  1905.  The 
iomiediate  country  rock  is  black  schist,  but  a  short  distance  southeast 
of  the  shaft  there  is  a  contact  between  this  rock  and  coarse  pink  gran- 
ite. The  dump  shows  a  large  amoimt  of  massive  pyrrhotite  rock  in 
every  way  like  that  from  the  Maggie  Murphy  shaft.  A  sample 
consisting  of  25  chips  taken  from  different  parts  of  the  dump  was 
analyzed  in  the  chemical  laboratory  of  the  Geological  Survey  by 
R.  C.  Wells  with  the  following  result: 

Analysis  of  Three  Cripples  pyrrhotite  rock. 

Insoluble 28.38 

Iron 41.80 

Copper .23 

Cobalt Trace. 

Nickel,  platinum,  gold,  and  silver  were  not  detectable  in  this 
material. 

Here,  as  at  the  Maggie  Murphy,  portions  of  the  rock  that  carry  visi- 
ble chalcopyrite  also  contain  feldspar-quartz  aggregates  or  bimches 
of  quartz.  The  proportion  of  such  material  in  the  rock  that  has  been 
mined  is  small.  The  surface  improvements  comprise  a  shaft  house 
and  a  cabin,  both  in  good  repair.  Part  of  the  machinery  has  been 
taken  away. 
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Though  there  are  practically  no  outcrops  along  the  Three  Cripples 
lode  it  is  possibly  represented  by  iron  caps  disclosed  in  pits  about 
1,000  feet  southwest  and  1,800  feet  northeast  of  the  shaft. 

Somewhat  to  the  northwest  of  the  supposed  northeastward  exten- 
sion of  the  Three  Cripples  lode  iron  cap  has  been  found  in  several  pits 
whose  positions  suggest  the  presence  of  two  other  lines  of  sulphide 
bodies,  making  three  in  all  within  a  band  600  feet  wide  bounded  on 
the  southeast  by  granite.  Sulphides  have  been  reached  only  at  a 
shaft  known  as  the  Big  Five,  which  is  on  the  northwestemmost  of 
these  lodes,  about  2,500  feet  north-northeast  of  the  Three  Cripples 
shaft.  This  opening  is  probably  about  50  feet  deep.  The  material 
on  the  dump  is  mainly  pyrrhotite  rock,  and  here  again  chalcopyrite  is 
seen  only  where  bunches  of  quartz  or  feldspar  and  quartz  are  present. 

About  1,200  feet  north  of  the  Big  Five  is  an  opening  known  as  the 
McGhee  shaft.  Here  there  are  gray  schists  more  or  less  thoroughly 
charged  with  pyrite,  but  nothing  of  practical  significance  was  found. 
This  deposit  may  be  r^arded  as  belonging  to  the  Three  Cripples 
sulphide  belt.  Probably  this  belt  extends  for  some  distance  north- 
east from  the  Big  Five  shaft,  but  it  was  not  traced  in  this  direction 
by  the  writer. 

If  the  Big  Five  location  is  taken  as  being  near  the  axis  of  the  Three 
Cripples  belt,  the  medial  line  of  the  Tenderfoot  belt  (p.  65)  Ues  1,800 
or-2,000  feet  to  the  northwest.  Prospecting  at  several  points  along 
this  belt  has  extended  from  Esterbrook  northeastward  for  about  3 
miles. 

At  Esterbrook  a  tabular  body  of  quartz  and  calcite  carrying  lead 
carbonate  at  the  outcrop  and  galena  below  the  surface  has  been  pros- 
pected, mainly  by  the  Boston-Wyoming  Copper  Co.  Though  but 
poorly  exposed  the  country  rock  appears  to  be  mainly  hornblende 
schist,  but  the  principal  outcrops  are  white  pegmatite  dikes  from  a 
few  feet  to  50  feet  wide.  Some  of  these  dikes  are  greatly  curved,  as 
if  they  had  been  injected  into  contorted  schists,  but  no  direct  evi- 
dence of  structure  of  this  sort  was  seen. 

Along  the  outcrop  siliceous  lead  carbonate  occurs  as  a  nearly  verti- 
cal layer  from  a  few  inches  to  perhaps  3  feet  thick,  flanked  on  the  west 
by  1  to  3  feet  of  finely  crjrstalline  calcite.  The  strike  of  these  layers, 
as  seen  in  a  trench  100  feet  long,  ranges  from  N.  30®  E.  near  the  south 
end  to  N.  15**  E.  toward  the  north.  From  several  workings  it  is  seen 
that  the  main  outcrop  is  not  less  than  500  feet  long.  Toward  the 
south  the  lode  appears  to  fork,  and  though  it  is  not  continuously  ex- 
posed, what  may  be  the  easterly  spur  is  seen  in  a  pit  situated  nearly 
^  feet  from  the  main  shaft  on  the  east  side  of  the  wagon  road. 

There  are  three  shafts  on  the  strike  of  the  lode.  The  Newell  shaft, 
to  the  north,  between  two  outcrops  of  white  pegmatite,  appears  not 
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to  have  disclosed  either  lead  minerals  or  the  calcite  layer  which  has 
been  mentioned.  About  270  feet  south  of  the  Newell  shaft  is  an  open- 
ing 60  feet  deep,  now  used  as  a  well,  from  which  some  ore  has  been 
taken,  and  270  feet  farther  south  is  the  principal  shaft,  350  feet  deep. 
On  the  main  level  at  335  feet  drifts  are  said  to  have  been  opened  in 
1909  and  1910,  300  feet  toward  the  south  and  100  feet  toward  the 
north. 

The  material  on  the  main  dump  consists  principally  of  black  schist 
but  includes  some  rock  having  a  massive  appearance,  which  has  been 
found  by  examination  with  the  microscope  to  be  a  somewhat  altered 
diabase.  With  the  schist  and  diabase  there  are  considerable  amounts 
of  calcite  rock,  and  so  far  as  seen  the  ore  minerals  occur  only  in  asso- 
ciation with  this  material.  Presumably  the  relation  is  generally  like 
that  at  the  surface,  where  the  ore  layer  lies  parallel  with  the  calcite 
layer.  Chimks  of  the  calcite  rock  contain  thin  layers  of  dense  quartz 
and  other  layers  containing  disseminated  grains  and  bunches  of 
galena  and  of  chalcopyrite,  and  at  least  locally  such  material  appears 
to  have  formed  the  immediate  wall  of  the  galena  streak.  It  is 
thought  that  the  quartz  and  the  sulphide  minerals  were  deposited  in 
partial  replacement  of  the  calcite.  The  course  of  the  main  lode  cor- 
responds with  the  strike  of  the  hornblende  schists  in  the  neighbor- 
hood, but  if  the  vein  forks,  as  is  suggested  above,  one  of  the  spurs 
probably  breaks  across  the  country  structure. 

Though  nothing  that  can  be  regarded  as  ore  remains  on  the  dump, 
it  is  reported  that  shoots  of  nearly  soUd  galena  6  feet  wide  were  found 
in  the  mine  workings  and  that  shipments  of  such  ore  were  made. 
As  already  noted,  chalcopyrite  occurs  in  some  of  the  lode  stuff,  but 
it  is  not  present  in  any  considerable  amount.  Persons  directly  con- 
cerned in  this  development  were  not  interviewed,  so  that  no  state- 
ment can  be  made  concerning  the  amoxmt  of  ore  that  has  been  taken 
from  the  mine.  However,  about  17  tons  of  carbonate  ore  shipped 
prior  to  1904  is  reported  to  have  given  the  following  returns:  * 

Assay  o/Esterbraoh  lead  ore. 

Silver ounces  per  ton. .     1.  4 

Gold do 036 

Lead per  cent. .  34.  65 

Iron *. do 7.00 

.    Silica do. ...  34. 00 

The  tmdergrouind  workings  of  this  property  were  not  accessible  in 
1914.  Although,  as  shown  above,  the  surface  ore  is  very  siUceous,  it 
is  sufficiently  evident  from  the  character  of  the  material  on  the  dump 
that  oxidation  does  not  extend  to  any  great  depth,  and  if  shoots  of 
galena  are  found  this  mineral  could  be  readily  and  cheaply  freed  from 

>  Beekr,  H.  C,  The  North  Lanunie  Peak  copper  district,  p.  10,  Chcyeone,  1904. 
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associated  quartz  or  calcite.  The  boilers  and  hoist  are  well  housed 
and  appear  to  be  in  good  condition. 

Somewhat  more  than  half  a  nule  northeast  of  E^terbrook  mining 
explorations  were  made  about  1900  on  claims  known  as  the  Tender- 
foot group.  In  this  section  the  belt  of  sulphide  deposits  is  not  less 
than  2,000  feet  wide,  as  shown  by  pits  and  shafts  in  bodies  of  iron 
capping.  Near  the  west  side  of  the  belt,  about  200  feet  west  of  a  hne 
of  iron-stained  croppings,  a  shaft  150  feet  deep  was  put  down,  but  a 
crosscut  directed  toward  the  southeast  was  abandoned  before  reaching 
the  lode.    The  lode  is  probably  made  up  of  pjorhotite. 

Beyond  the  Tenderfoot  location  several  openings  were  noted  in  iron 
cap,  and  doubtless  there  are  others,  which  were  not  seen,  to  prove  the 
continuance  of  this  sulphide  belt  toward  the  northeast.  About  a 
mile  from  the  Tenderfoot  shaft  is  the  E[reisley  group  of  claims,  where 
prospecting  during  the  last  two  or  three  years  has  disclosed  large 
bodies  of  pyrrhotite.  Here,  as  usual,  there  are  several  parallel  lodes. 
One  of  them  is  readily  traceable  for  more  than  600  feet  and  in  places 
is  certainly  not  less  than  50  feet  wide.  Material  from  two  shafts 
shows  pyrrhotite  mixed  with  hornblende  and  quartz,  and  similar 
rock  essentially  unoxidized  crops  out  in  the  bed  of  a  small  creek. 

When  this  property  was  visited  in  August,  1914,  the  owners  were 
unwatering  a  shaft  about  100  feet  southeast  of  the  pjorhotite  lode 
mentioned  above.  Here  neither  pyrrhotite  nor  pyrite  had  been 
encountered  at  a  depth  of  60  feet,  the  material  from  the  shaft  being 
yellow  to  red  oxidized  schist  in  which  minor  bunches  and  stringers  of 
secondary  copper  minerals  were  found. 

The  northwestern  edge  of  the  schist  zone  that  comprises  the  Three 
Cripples  and  Tenderfoot  sulphide  belts  hes  about  2,500  feet  from  the 
KreLsley  workings.  Near  this  edge  and  north  of  the  Kreisley  camp 
another  line  of  pits  in  red  and  yellow  jaspery  iron  cap  was  noted  but 
not  examined  in  detail. 

MAVERICK  PROSPECTS. 

Northwest  of  the  belt  of  schists  that  passes  through  Esterbrook 
there  is  a  belt  of  granite  about  2,000  feet  wide,  and  beyond  this  hes 
what  has  been  called  on  page  58  the  main  body  of  schists.  The 
granite  belt  contains  some  schist,  but  the  main  schist  area  Is  sharply 
defined  along  a  southwest-northeast  contact  with  granite.  Close  to 
and  parallel  with  this  boundary  there  is  a  line  of  prospects  about  4,000 
feet  long.  The  Maverick  location  is  at  the  southwest  end  of  this  Ime 
just  north  of  Little  Horseshoe  Creek.  The  type  of  mineralization 
here  is  aifferent  from  that  along  the  sulphide  belts  that  have  been 
described.     Irregular  veins  of  quartz  from  3  to  10  feet  wide  follow  a 
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general  line  parallel  with  the  strike  of  the  schists  and  trend  from 
N.  45°  W.  to  N.  55®  W.  There  are  several  narrow  dikes  of  pegma-- 
tite,  and  in  one  place  a  quartz  vein  grades  into  rock  of  this  sort.  On 
the  Maverick  claim  there  are  two  vertical  quartz  veins,  both  iron 
stained  and  rather  vuggj,  as  seen  at  the  surface.  One  of  these  veins 
3  to  4  feet  wide  crops  out  for  a  distance  of  60  feet.  The  other  vein, 
6  feet  wide,  lying  to  the  southeast,  has  been  opened  by  a  50-foot 
shaft.  The  rock  on  the  dump  is  quartz  containing  irregular  bunches 
of  pyrite.    No  copper  minerals  were  seen. 

About  2,000  feet  northeast  of  the  Maverick  shaft  is  a  quartz  vein 
2  to  10  feet  wide  that  forms  a  continuation  of  a  pegmatite  dike. 
There  is  no  indication  that  the  pegmatite  carries  pyrite,  but  the 
quartz  is  very  ferruginous  throughout  the  300  feet  of  exposure. 
Along  the  strike  of  this  vein  500  and  800  feet  to  the  northeast  there 
are  pits  in  hght-colored  schists  that  seem  to  have  contained  pyrite. 

Saul's  gamp. 

The  Maverick  line  of  prospects  noted  in  the  preceding  paragraphs 
lies  along  the  southeast  side  of  a  belt  of  hornblende  rocks  nearly  2 
miles  wide,  which  is  not  broken  by  any  large  bodies  of  granite. 
In  the  central  part  of  this  belt,  in  the  SE.  {  sec.  22,  T.  29  N.,  R.  72  W. 
(see  fig.  3),  is  Saul's  camp,  where  a  group  of  29  mining  claims  was 
located  several  years  ago  and  surveyed  for  patent  in  1914.  Many 
prospect  shafts  have  been  opened,  and  in  several  of  them  copper 
minerals  were  found.  The  country  rocks  are  mainly  hornblende 
schists  that  the  writer  believes  to  be  metamorphosed  volcanic  rocks. 
Locally  there  are  layers  that  contain  epidote  or  garnet,  suggesting 
that  the  rocks  from  which  the  schists  were  derived  contained  thin 
beds  of  limestone.  Several  dikes  of  black  basic  rock  like  diabase 
cut  the  schists,  and  toward  the  northwest  side  of  the  schist  belt 
there  are  several  minor  intrusions  of  granite.  The  layering  in  the 
schists  strikes  in  general  about  N.  45°  E.,  and  the  intrusive  dikes 
trend  in  the  same  direction.  The  principal  workings  are  on  the 
Tarsus  No.  1  claim,  on  the  southeast  slope  of  a  prominent  hill  and 
the  shaft  is  formed  by  ledges  of  black  diabasic  homblendite. 

A  rather  inconspicuous  outcrop  of  gossan  contained  copper  car- 
bonate, and  chalcocite  was  found  in  the  first  shaft  only  a  few  feet 
below  the  surface.  This  shaft  was  carried  to  a  depth  of  60  feet, 
and  as  the  lower  part  showed  nothing  of  particular  promise,  at  a  depth 
of  30  feet  a  northeast  drift  was  started  to  follow  a  streak  containing 
copper  minerals.  About  25  feet  from  the  shaft  a  mass  of  chalcocite 
ore  was  cut.  This  ore  proved  to  bo  a  saddle-Uke  body  forming  a 
crest  or  cap  over  a  chimney  of  white  clay.  A  raise  was  opened  to 
the  surface,  and  the  clay  was  found  to  continue  15  feet  below  the 
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drifts  or  to  a  point  about  45  feet  from  the  stirface.  At  that  depth 
the  first  water  was  encountered,  and  near  the  water  level  small 
amounts  of  metallic  copper  were  noted.  The  shaft  was  parried 
down  to  98  feet,  and  at  85  feet  a  layer  or  lens  of  chalcopyrite-bearing 
rock  12  inches  thick  was  found  12  feet  southeast  of  the  shaft.  The 
schist  lying  between  this  lens  and  the  shaft  is  reported  to  carry  about 
2  per  cent  of  copper.* 

The  material  on  the  dump  consists  mainly  of  hornblende  schist 
but  includes  a  large  amount  of  pyritic  rock,  portions  of  which  carry 
visible  chalcopyrite.  No  pyrrhotite  was  noted,  but  nearly  solid 
magnetite  occurs  as  a  layer  about  8  inches  thick.  Samples  of  the 
richer  ore  have  shown  as  much  as  30  per  cent  of  copper  and  from 
6  to  8  ounces  of  silver  and  0.03  ounce  of  gold  to  the  ton.  About  100 
tons  of  ore  said  to  carry  about  9  per  cent  of  copper  was  taken  out 
during  the  development  work,  and  most  of  this  ore  remains  in  the 
bins. 

About  200  feet  northeast  of  the  main  shaft  limonite  carrying  small 
amoimts  of  chalcocite  and  malachite  has  been  opened  by  a  20-foot 
shaft.  Outcrops  near  by  show  iron-stained  rock  containing  small 
crystals  of  epidote. 

About  400  feet  east  of  the  main  shaft  an  opening  35  feet  deep 
shows  weathered  hornblende  schist  that  is  strongly  limonitic.  In 
this  vicinity,  mainly  toward  the  southeast,  the  compass  needle  is 
greatly  disturbed,  and  the  inference  may  be  drawn  that  within  an 
area  perhaps  300  feet  wide  there  are  rocks  carrying  considerable 
amoimts  of  pyrrhotite  or  of  magnetite.  Mr.  H.  C.  Saul  stated  to 
the  writer  that  a  zone  of  magnetic  disturbance  can  be  traced  for 
1,000  feet  or  more  toward  the  southeast. 

At  the  35-foot  shaft  two  diamond-drill  holes  were  bored.  One, 
nearly  vertical,  is  256  feet  deep;  the  other,  inclined  about  42®  NW., 
is  250  feet  on  the  incline.  The  cores  from  these  holes  show  greenish 
schist  with  here  and  there  a  little  pyrite  or  pyrrhotite  and  some 
minor  showings  of  chalcopyrite.  The  amount  of  pyrrhotite  con- 
tained in  the  rocks  penetrated  can  not  be  regarded  as  sufficient  to 
accoxmt  for  the  observed  deflection  of  the  compass  needle  in  this 
locaUty,  and  it  is  suggested,  that  a  body  of  magnetic  iron  sulphide 
may  be  present  southeast  of  the  shaft. 

The  equipment  of  the  property  includes  a  steam  boiler,  a  hoist, 
and  a  diamond-drill  outfit.  There  is  an  adequate  shaft  house  and 
several  other  buildings. 

From  the  foregoing  notes  it  will  be  imderstood  that  the  prospecting 
at  and  near  the  Tarsus  shaft  is  not  extensive.  The  work  has  been 
done  in  an  intelligent  way,  and  the  results  at  the  main  shaft  may  be 

^  Saul,  H.  C,  Mining  o|MnitJoo8  in  the  North  Laramie  Peak  minhig  district,  Wyo.:  Min.  and  Eng.  World, 
^1.40,  p.  738, 1914. 
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regarded  as  somewhat  encouraging.  It  appears  to  the  writer  that 
if  additional  explorations  are  made,  one  of  the  first  steps  should  be  to 
follow  the  chalcopyrite-bearing  layers  found  in  the  shaft  along  their 
strike.  Although  results  of  prospecting  the  deposits  of  pyrrhotite 
that  occur  to  the  south  have  been  discouraging,  this  can  not  be  urged 
as  an  adequate  reason  against  undertaking  explorations  in  the  zone 
of  magnetic  distiu*bance  at  Saul's  camp. 

About  2,500  feet  from  the  Tarsus  shait,  in  a  direction  slightly  north 
of  west,  a  small  body  of  chalcocite  ore  was  found  practically  at  the 
surface.  Examination  of  the  pit,  which  is  situated  on  a  high  ridge, 
indicates  that  the  ore  occurred  as  a  layer  striking  northeast,  but  the 
work  done  is  insufiicient  to  give  any  clear  impression  of  the  relations. 

In  a  valley  northwest  of  the  locality  just  mentioned  some  pros- 
pecting has  been  done  along  a  belt  of  pyritio  hornblende-mica  schist. 
Copper  minerals  are  present,  but  nothing  was  seen  that  the  writer 
would  regard  as  warranting  further  development. 

Approximately  3,000  feet  northwest  of  the  Tarsus  shaft  is  the 
northeastward-striking  boimdary  of  the  main  schist  area  i^ainst 
granites  that  form  a  high  ridge  known  as  Elkhom  Moimtain.  (See 
fig.  3,  p.  59.)  In  several  places  along  this  boundary  for  a  distance  of 
nearly  5,000  feet  there  are  outcrops  of  dense  white  or  greenish  quartz. 
Although  locally  hidden  and  perhaps  absent  in  places,  this  quartz 
appears  to  be  a  rather  definite  layer  and  where  exposed  is  from  20  to 
130  feet  thick.  It  has  not  been  prospected  except  at  a  point  due 
west  of  the  Tarsus  shaft,  where  material  from  an  8-foot  pit  carries 
small  amotmts  of  pyrite  and  chalcopyrite. 

SNOWBIRD   GROUP. 

The  five  patented  mining  claims  known  as  the  Snowbird  group  are 
about  1  mile  from  Saul's  camp  (see  figs.  3  and  4),  on  the  northwest 
side  of  Elkhom  Moimtain.  Granite  is  the  principal  country  rock  in 
this  neighborhood,  but  there  are  two  narrow  bands  of  greenish  schist 
that  is  regarded  as  sheared  diabase,  and  just  to  the  west  is  an  extensive 
area  underlain  by  partly  consolidated  sands  and  gravels  belonging 
to  the  White  River  formation.  The  claims,  which  extend  from 
northeast  to  southwest  for  a  distance  of  nearly  7,500  feet,  were  evi- 
dently  located  with  the  object  of  covering  a  body  of  schist  from  60  to 
150  feet  wide  which  is  flanked  by  granite  on  both  sides.  Aside  from 
shallow  pits  which  show  nothing  of  interest,  the  development  work 
consists  of  two  shafts — one,  said  to  be  40  feet  deep,  and  the  other, 
80  feet  deep,  about  2,500  and  3,800  feet,  respectively,  from  the 
northeast  end  of  the  property.  Northeast  of  the  40-foot  shaft  there 
are  no  bedrock  outcrops,  but  at  this  place  the  dark  schist  appears, 
and  a  short  distance  to  the  southwest  there  are  exposures  of  coarse 
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granite  or  pegmatite  about  midway  between  the  sides  of  the  schist 
belt.  This  pegmatite  continues,  apparently  as  a  dike  from  a  few  feet 
to  15  feet  in  width,  for  several  hundred  feet,  but  at  the  80-foot  shaft 
its  place  is  occupied  by  a  strong  vein  of  quartz.  The  granitic  rock 
and  the  quartz  body  probably  grade  one  into  the  other,  but  the 
exposures  are  not  adequate  to  prove  it.  Material  from  the  north- 
easterly shaft  includes  pegmatite  and  vein  quartz  and  considerable 
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TioJjRK  4.— Sketch  map  of  Snowbird  group,  showing  schist  bands  In  granite. 

iron-stained  dirt.  Specular  hematite  was  noted,  and  there  are  minor 
showings  of  copper  minerals.  As  seen  at  the  surface  near  the  south- 
easterly or  main  shaft  the  quartz  veux  is  not  less  than  10  feet  wide. 
The  rock  on  the  dump  includes  schist  and  quartz  containing  chalcopy- 
rite,  and  small  amounts  of  chalcocite  and  other  secondary  copper 
nunerals  were  noted.  From  a  study  of  the  surface  it  is  thought 
that  the  quartz  vein  may  have  a  total  length  of  500  to  600  feet. 
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TRAIL   GREEK  GROUP. 

About  2  miles  north  of  Saul's  camp  is  a  group  of  mineral  locations 
known  as  the  Trail  Creek  claims.  These  claims  cover  a  group  of 
schist  hills  lying  between  two  sharp  canyons  near  the  head  of  Trail 
Creek,  a  tributary  of  La  Bonte  Creek.  In  this  vicinity  (see  figs.  3 
and  5)  the  crystalline  rocks  appear  in  a  band  hardly  more  than  half 
a  mile  wide  with  White  River  beds  on  both  sides.  The  Elkhom 
Mountain  mass  of  granite  extends  along  the  southeast  side  of  the 
schists  of  the  Trail  Creek  group  of  claims,  and  the  same  rock  cuts 
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Figure  5.— Sketch  map  of  Trail  Creek  group,  showing  local  geology. 

out  these  schists  along  their  strike  toward  the  southwest  and  Hanks 
them  again  upon  the  northwest.  Thus  the  general  relations  show 
that  the  schists  are  intruded  by  the  granite,  and  this  is  shown  also 
by  narrow  shoots  of  the  igneous  rock  that  penetrate  the  schists  along 
the  southwest  side  of  the  area.  The  invaded  rocks  are  mainly  horn- 
blende schists  striking  southwest,  but  there  are  several  large  and 
many  small  irregular  masses  of  iron-stained  jasper.  In  one  place  a 
narrow  jaspery  vein  carries  considerable  epidote.  Evidences  of 
sulphide  mineralization  are  soon  r.t  many  points  where  openings 
have  been  made  in  weathered  iron  caps. 
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The  principal  workings  are  a  75-foot  shaft  and  a  tunnel  nearly  -500 
feet  long  near  the  west  side  of  the  schist  area.  The  shaft  is  in  ooarse 
granite  a  few  feet  away  from  its  contact  with  the  schists.  Here  the 
rock  is  fractured,  and  in  the  breaks  malachite  and  chalcocite  occur  in 
noteworthy  but  not  large  amounts.  The  level  of  the  timnel  is  8  or 
10  feet  above  the  creek  bed  and  more  than  100  feet  below  the  collar 
of  the  shaft.  For  the  first  30  feet  it  is  in  granite,  beyond  which 
almost  completely  weathered  hornblende  schists  are  exposed.  The 
presence  of  unoxidized  remnants  in  several  places  and  the  generally 
ferruginous  nature  of  the  weathered  material  show  that  the  rock  was 
aD  very  pyritio.  About  75  feet  from  the  timnel  portal  a  winze  was 
sunk  25  feet  on  a  body  of  ferruginous  quartz  which  is  said  to  have 
contained  small  amoimts  of  copper  minerals.  Massive  quartz  from 
the  lower  part  of  the  winze  contams  irregular  bunches  of  pjrrite,  but 
no  chalcopyrite  was  fotmd.  In  August,  1914,  after  an  unusually  dry 
season,  water  was  standing  10  feet  below  the  tunnel  floor.  About 
50  feet  beyond  the  wioze  water  was  trickling  down  the  sides  of  the 
tunnel,  and  here  a  slight  deposition  of  copper  salts  was  noted.  No 
other  copper  signs  were  observed  in  the  tunnel,  and  nothing  regarded 
as  encouraging  was  seen  on  the  dimip. 

HOOSIER   BOY  GROUP. 

About  1904  some  prospecting  was  done  on  two  groups  of  mining 
claims,  known  as  the  Hoosier  Boy  and  Kentucky  Belle  properties, 
situated  about  10  miles  southwest  of  f^terbrook  and  8  miles  north* 
west  of  Laramie  Peak.  (See  PI.  V.)  The  principal  coimtry  rock  is 
granite,  but  there  are  narrow  dikes  of  schistose  diabase  which  trend 
about  N*  70^  E.,  and  it  is  along  one  of  thesee  dikes  that  the  six 
Hoosier  Boy  claims  and  the  two  Kentucky  Belle  claims  were  located, 
their  aggregate  length  being  12,000  feet.  The  Hoosier  Boy  claims  he 
mainly  in  a  high  grassy  valley  at  the  head  of  a  tributary  of  La  Bonte 
Creek,  and  the  Kentucky  Belle  claims  to  the  southwest,  beyond  a 
divide  between  La  Bonte  and  Horseshoe  Creek  waters.  Systematic 
prospecting,  by  means  of  shafts,  was  done  at  two  points  about  a  mile 
apart.  In  both  places  there  are  quartz  veins  that  have  the  same 
strike  as  the  dike  of  schistose  rock  in  which  they  occur.  These  veins 
pmch  and  swell  but  are  continuous  or  at  least  recurrent  for  distances 
of  several  hundred  feet.  At  a  point  about  400  feet  northeast  of  the 
Hoosier  Boy  shaft  vein  quartz  grades  into  a  mixture  of  quartz  and 
feldspar.  Some  of  the  material  from  the  shaft,  which  is  said  to  be 
about  80  feet  deep,  contains  small  amounts  of  chalcopyrite. 

The  Kentucky  Belle  shaft  is  about  40  feet  deep.  The  somewhat 
irregular  quartz  vein,  which  has  a  maximum  width  of  perhaps  2 
fp^t,  carries  considerable  chalcopyrite  and  some  chalcocite,  the 
latter  evidently  of  secondary  origin. 
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WAB  BONNET  DISTBIOT. 
LOCATION   AND   GEOLOGY. 

The  War  Bonnet  district,  bearing  the  name  of  a  prominent  peak 
situated  near  the  southern  edge  of  Converse  County,  may  be  regarded 
as  comprising  the  country  drained  on  the  north  by  the  headwater 
tributaries  of  La  Prele  Creek  and  the  west  fork  of  La  Bonte  Creek 
and  on  the  south  by  some  of  the  sources  of  Sheep  Creek  and  Little 
Medicine  Bow  River.  The  country  rock  is  mainly  granite,  but,  as 
elsewhere  throughout  the  North  Laramie  Mountains,  this  rock  is 
cut  by  dikes  of  diabase,  and  the  invading  rocks  have  been  rather 
generally  converted  into  schist.  The  common  trend  of  these  dikes 
is  about  N.  50°  E.  In  a  few  places  schists  were  seen  which  may 
belong  to  a  series  of  rocks  that  is  older  than  the  granite. 

PROSPECTS  NORTH  OF  FORTYMILE  RANCH. 

The  Fortymile  ranch,  a  station  on  the  now  abandoned  stage  road 
from  Rock  Creek  north  to  Fort  Fetterman,  is  situated  near  the 
head  of  West  Fork  of  La  Bonte  Creek,  in  sec.  3,  T.  27  N.,  R.  74  W. 
sixth  principal  meridian.  From  this  place  the  stream  flows  nearly 
north  through  a  rather  open  valley  for  about  3  miles  and  then  turn- 
ing east  soon  enters  a  deep  and  narrow  gorge  called  La  Bonte  Canyon. 
Near  the  head  of  the  canyon  and  also  toward  the  west  are  dikes 
of  diabase  along  and  near  which  there  has  been  considerable  pros- 
pecting for  copper.  The  most  extensive  work  was  done  by  incor- 
porated companies  known  as  the  Pyramid  Copper  Co.,  the  La  Bont6 
Mining  Co.,  and  the  Mammoth  Mining  &  Milling  Co.     (See  PL  V.) 

The  property  of  the  Pyramid  Co.  appears  to  have  been  taken  over 
by  the  La  Bont6  Co.,  which  held  adjacent  ground  and  which  is  said 
to  have  secured  patents  to  five  mining  claims.  Two  lodes  or  veins 
were  explored.  One  of  these,  the  Pyramid  vein,  takes  its  name 
from  a  column  of  quartz-seamed  granite  about  25  feet  high  known 
as  The  Pyramid.  The  vein  crops  out  at  the  base  of  this  column 
and  as  exposed  for  a  distance  of  about  75  feet  has  a  width  of  about 
20  feet.  The  vein  strikes  about  N.  53°  E.  and  is  nearly  vertical. 
Toward  the  southwest  it  is  covered  by  gravel  deposits  in  the  creek 
valley. 

Near  The  Pyramid  is  a  shaft  30  feet  deep,  on  the  dump  of  which 
lies  several  tons  of  rock  estimated  to  carry  5  per  cent  of  copper. 
About  70  feet  northeast  of  this  shaft,  just  within  the  side  valley, 
is  the  principal  shaft,  which  was  equipped  with  a  steam  hoist.  The 
depth  of  this  shaft  may  be  as  much  as  100  feet.  It  was  started  at 
a  point  north  of  the  vein,  and  as  the  rock  on  the  dump  is  mainly 
granite  the  lode  was  probably  not  extensively  explored.  About  300 
feet  to  the  northeast  a  short  tunnel  has  exposed  a  quartz  body  3 


WAR  BONNET  DISTRICT.  73 

lei't  wide  which  carries  limonite  at  the  outcrop  and  which  is  prob- 
ably the  continuation  of  the  Pyramid  vein.  No  attempt  was  made 
by  the  writer  to  trace  this  lode  up  the  steep  hill  slope,  but  perhaps 
half  a  mile  northeast  of  the  Pyramid  vein  and  approximately  on  its 
strike  there  are  other  exposures  of  quartz  that  carries  copper  minerals. 

A  short  distance  northwest  of  the  Pyramid  prospects  hornblende 
schist  crosses  the  side  valley  mentioned  above  and,  trending  north- 
east, appears  as  a  dikelike  body  in  a  steep  bluff  on  the  east  side  of 
the  stream  about  a  mile  above  its  mouth.  Beyond  the  bluff  the 
schist  forms  a  prominent  ridge,  along  which  prospect  pits  have 
disclosed  recurring  lenses  of  quartz  constituting  an  interrupted  vein. 
Some  of  the  quartz  carries  copper  minerals.  In  order  to  prospect 
this  ground  a  crosscut  was  opened  from  a  point  perhaps  250  feet 
below  the  crest  of  the  schist  ridge.  The  first  granite  and  schist 
contact  was  cut  615  feet  from  the  portal,  and^the  far  contact  at  790 
feet,  showing  the  dike  to  be  175  feet  wide.  No  considerable  bodies 
of  quartz  were  found  in  the  crosscut,  and  a  drift  200  feet  to  the 
northeast,  70  feet  beyond  the  northwest  wall,  shows  nothing  but 
schist.  Some  of  the  rock  on  the  dump  contains  disseminated  pyrite, 
but  copper  minerals  were  not  noted.  This  schist  band  was  followed 
by  the  writer  toward  the  northeast  for  more  than  a  mile  and  is  said 
to  be  traceable  for  several  miles.  It  has  been  prospected  at  points 
approximately  1  and  2  miles  northeast  of  The  Pyramid. 

About  a  mile  southwest  of  The  Pyramid  a  schist  dike  approxi- 
mately on  the  strike  of  the  one  mentioned  above  has  been  prospected 
by  a  tunnel  situated  near  the  wagon  road  in  the  valley  of  the  main 
creek. 

The  Mammoth  vein  is  a  body  of  dense  quartz  50  feet  or  more  in 
width  which  is  traceable  by  scattered  outcrops  along  a  northeast 
course  for  a  distance  of  perhaps  2,000  feet.  This  vein  lies  northwest 
of  the  tunnel  referred  to  in  the  preceding  paragraph.  (See  PL  V.) 
Its  outcrops  are  not  generally  rusty,  but  a  single  shaft  has  disclosed 
iron-stained  material,  "showing  that  sulphide  minerals  are  locally 
present. 

About  a  mile  northwest  of  the  schist  dike  that  traverses  the  La 
Bont^  group  there  is  another  dike  of  the  same  sort  of  rock  along 
which  prospecting  has  been  done  at  intervals  for  a  distance  of  fully 
2  miles.  From  place  to  place  the  schist  forms  the  matrix  of  quartz 
Wies  that  conform  with  its  northeast  strike.  Where  work  has  been 
done  pyrite  is  usually  found,  and  in  a  few  places  copper  minerals 
are  present.  It  is  said  that  12  or  15  years  ago  rich  gold  ore  was 
found  in  quartz  occurring  in  this  body  of  schist,  on  a  claim  situated 
a  short  distance  beyond  the  La  Bonte-Shecp  Creek  divide.  This 
find  led  to  nothing  of  value,  though  it  is  reported  that  the  property 
waa  examined  by  men  familiar  with  gold  mining  in  South  Dakota. 
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(OPPEU    KING   BELT. 

About  30  miles  southwest  of  Douglas,  on  a  small  tributary  of 
La  Prele  Creek  called  Crazy  Horse  Oeek,  a  quartz  mass  carrying 
chalcopyrite  was  systematically  prospected  at  various  times  between 
1902  and  1906  by  the  Douglas  Mining  &  Milling  Co.  This  company 
held  five  claims,  including  the  Copper  King,  where  most  of  the 
work  was  done,  and  other  interests  located  and  prospected  claims 
in  the  neighborhood,  mainly  along  the  supposed  extension  of  the 
Copper  King  lode. 

The  general  country  rock  is  granite,  but  the  quartz  vein  occurs 
in  one  of  the  diabase  dikes  that  are  characteristic  of  the  region. 
This  and  other  dikes  in  the  vicinity  trend  between  N.  30°  E.  and 
N.  40®  E.  Some  of  them  are  readily  traceable  for  a  mile  or  more, 
and  probably  detailed, study  would  show  much  greater  continuity 
than  could  be  made  out  from  the  writer's  hurried  observations. 
The  Copper  King  claim  lies  within  a  northeast-southwest  zone  a  few 
hundred  feet  wide  along  which  vein  fillings  and  other  indications 
of  mineral  deposition  were  noted  by  the  writer  from  place  to  place 
throughout  a  distance  of  6  miles  and  which  is  said  to  have  been 
followed  and  prospected  for  an  additional  distance  of  10  miles  toward 
the  southwest. 

About  2J  miles  southwest  of  Crazy  Horse  Creek  two  schist  bands 
separated  by  about  250  feet  of  granite  wore  noted.  The  average 
width  of  these  bands  is  perhaps  80  or  100  feet.  From  place  to  place 
along  them  quartz  may  be  seen,  and  in  several  prospect  pits  quartz 
occurring  in  narrow  seams  carries  magnetite.  In  one  place  magnetite 
and  a  little  chalcopyrite  were  noted. 

About  2  miles  southwest  of  the  Copper  King  claim  there  is  a  small 
deposit  of  nearly  clean  massive  magnetite.  The  outcrop  is  hidden, 
but  an  area  nearly  100  feet  square  is  covered  by  bowlders  of  iron  ore, 
some  of  which  measm*e  2  by  3  by  3  feet.  From  the  appearance  of 
these  bowlders  they  may  be  supposed  to  have  come  from  a  layer  at 
least  2  feet  thick.  The  small  area  covered  by  the  float  suggests  that 
the  deposit  has  the  form  of  a  lens.  The  magnetite  is  accompanied 
by  a  little  quartz.  Exposures  near  by  show  a  band  of  green  diabase 
schist  about  80  feet  wide,  flanked  by  coarse  granite.  The  magnetite 
layer  probably  occurs  in  the  schist. 

About  three-fourths  of  a  mile  southwest  of  Crazy  Horse  Creek  a 
2-foot  layer  of  magnetite  schist  was  noted  in  a  10-foot  prospect  pit. 

At  several  places  both  southwest  and  northeast  of  the  Copper  King 
claun  prospectors  have  disclosed  small  bodies  of  quartz,  but  it  occurs 
characteristically  in  stringers  or  in  separated  bunches  rather  than  as 
continuous  veins.  There  are  signs  of  copper  in  different  places  out- 
side of  the  Copper  King  claim,  but  nothing  was  seen  upon  which  a 
rudent  miner  would  spend  time  or  money. 
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On  tho  Copper  King  claim  a  shaft  about  30  feet  deep  was  opened  in 
a  large  body  of  quartz  carrying  oxidized  copper  minerals  in  abundance 
at  a  depth  of  a  few  feet.  A  study  of  the  surface  shows  that  the 
quartz  occurs  as  a  series  of  lenticular  bodies  lying  in  schist  near  tho 
southeast  contact  of  a  large  horse  of  granite.  Together  these  lenses 
form  an  interrupted  vein  that  can  be  recognized  for  nearly  300  feet 
and  may  actually  have  a  greater  length.  The  discovery  shaft  is  on  a 
hill  slope  possibly  1 75  feet  above  the  creek  bottom.  The  development 
work  consists  of  two  timnels,  each  said  to  be  about  600  feet  long. 

The  level  of  the  upper  tunnel  is  about  75  feet  below  the  outcrop. 
Following  the  same  general  course  as  th«  dike,  this  tunnel  cuts  a  nar- 
row quartz  vein  about  140  feet  from  the  portal.  The  vein  gradually 
widens  to  6  feet,  then  pinches  and  widens  again  to  12  feet,  all  in  a 
distance  of  about  100  feet.  Where  the  vein  has  its  greatest  width  it 
contains  a  large  proportion  of  chalcopyrite.  This  ore  shoot  is  proba- 
bly the  same  as  the  one  opened  at  the  discovery  shaft.  Near  the 
portal  of  the  tunnel  a  crosscut  to  tho  northwest  reached  the  schist 
and  granite  contact,  but  no  vein  was  found.  A  lot  of  perhaps  50  tons 
of  ore  was  taken  from  the  tunnel  and  from  a  winze  12  feet  deep.  Ore 
remaining  on  the  dump  is  estimated  to  carry  more  than  15  per  cent 
of  copper,  and  it  is  reported  that  assays  have  showed  as  much  as  0.36 
ounce  of  gold  to  the  ton.  The  tunnel  was  not  accessible  beyond  the 
winze. 

The  portal  of  the  lower  tunnel  is  about  100  feet  below  that  of  the 
other  and  only  a  few  feet  above  the  creek.  These  workings  were  not 
accessible  in  1914.  The  material  on  the  dump  consists  almost  en- 
tirely of  dark-green  schist  but  contains  some  vein  matter  consisting  of 
quartz  and  siderite  carrying  a  little  feldspar.  Vein  stuff  of  this  sort 
which  carries  small  amounts  of  chalcopyrite  is  said  to  have  come 
from  the  farther  part  of  the  tunnel. 

Although  the  writer  can  form  no  satisfactory  judgment  concerning 
the  possibilities  of  the  deposit,  he  is  of  the  opinion  that  the  known  ore 
shoot  is  worthy  of  being  more  fully  prospected.  A  plan  of  the  work- 
ings and  a  cross  section  through  the  shaft  and  the  winze  in  -the  upper 
tunnel  would  aid  in  laying  out  future  work,  by  indicating  the  position 
of  the  lower  tunnel  with  reference  to  tho  probable  position  of  the  vein 
as  projected  downward  from  the  winze  in  the  upper  tunnel.  If  the 
indicated  position  would  carry  it  over  the  lower  tunnel  tho  vein 
should  be  sought  by  raising  or  by  crosscutting  to  the  northwest, 
whereas  if  the  indicated  position  is  to  the  southeast  the  vein  should 
be  sought  by  a  crosscut  in  that  direction. 

ORIOLE    BELT. 

In  the  valley  of  upper  La  Prelo  Creek  (see  PI.  V),  approximately  1 
mile  northwest  of  tho  Copper  King  line  of  prospects,  is  a  parallel  min- 
eralized belt  along  which  old  workings  were  notod  for  a  mile  or  more. 
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Here  again  diabase  schist  occurs  in  a  granite  country  rock,  and  the 
general  relations  are  similar  to  those  along  the  Copper  King  belt. 
The  only  serious  prospecting  here  was  done  about  10  years  ago  on 
the  Oriole  claim.  On  this  claim  a  body  of  dense  quartz  from  20  to  30 
feet  wide  crops  out  at  intervals  for  nearly  1,000  feet  along  the  edge  of 
a  steep  bluff  on  the  northwest  side  of  La  Prele  Creek.  The  vein  dips 
steeply  toward  the  creek,  and  a  few  exposures  are  adequate  to  show 
that  it  has  black  or  green  schist  on  both  sides.  The  development  con- 
sists of  two  shallow  shafts  about  800  feet  apart,  both  showing  small 
amounts  of  copper  minerals,  and  workings  said  to  be  250  feet  deep, 
about  300  feet  southwest  of  the  northeasterly  opening.  In  the  verti- 
cal shaft  copper-bearing  material  is  said  to  have  been  found  only  a 
few  feet  from  the  surface  and  to  have  continued  to  a  depth  of  175 
feet,  where  the  shaft  passed  out  of  the  vein  into  the  footwall.  Next 
to  this  wall  there  was  about  8  feet  of  rock  that  carried  considerably 
more  than  the  average  amount  of  copper.  No  drifts  were  opened, 
but  it  is  reported  that  the  vein  was  crosscut  at  the  175-foot  level  and 
that  another  crosscut  was  started  from  a  point  240  feet  deep.  In  the 
upper  crosscut,  which  is  supposed  to  have  reached  the  hanging  wall 
of  the  vein,  a  flow  of  water  was  encountered  which  was  too  great  for 
the  capacity  of  the  pump  provided  for  sinking.  The  workings  were 
thus  flooded,  and  the  operations  have  never  been  resumed. 

Although  it  is  apparent  that  the  Oriole  vein  was  not  adequately 
prospected,  the  advisability  of  further  exploration  is  open  to  question. 
Favorable  to  the  property  is  the  fact  that  several  himdred  tons  of 
rock  which  may  carry  as  much  as  3  per  cent  of  copper  was  taken  out 
during  the  development  work  already  done.  On  the  other  hand,  the 
character  of  the  vein  stuff  as  seen  in  several  exposures  suggests  that 
the  vein  does  not  carry  copper  minerals  throughout.  The  only 
project  that  the  writer  would  regard  as  at  all  promising  would  be 
the  exploration  of  the  footwall  ore  shoot  that  was  cut  by  the  shaft. 
This  search  might  be  made  by  means  of  a  crosscut  above  the  water 
level,  followed  by  drifts  along  the  footwall. 

The  Oriole  property  comprises  several  good  houses.  It  is  accessi- 
ble by  a  good  wagon  road  either  from  the  north  or  from  the  south. 

BRENNINQ   COPPER  PROSPECT. 

The  cross-mountain  road  by  way  of  the  upper  valley  of  La  Prele 
Creek  passes  the  Oriole  claim,  crosses  the  divide  at  an  elevation  of 
about  8,000  feet,  and  by  a  choice  of  routes  gives  access  to  all  adjacent 
parts  of  the  high  plains  along  the  north  side  of  Laramie  Basin.  About 
4  miles  west  of  the  pass  and  just  south  of  the  Converse-Albany  coimty 
hne  prospecting  has  been  done  on  the  Breiming  claim.  (See  PI.  V.) 
The  workings  consist  of  two  shafts  in  which  large  pieces  of  massive 
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chalcocite  have  been  found.  There  are  very  few  rock  outcrops  in 
the  vicinity,  but  at  the  prospect  hornblende  schists  are  exposed. 
The  chalcocite  or  copper  glance  is  associated  with  bright-green,  fairly 
well  crystallized  epidote.  The  epidote  is  present  in  large  amounts, 
but  the  relation  of  the  occurrence  to  the  hornblende  schist  was  not 
determined. 

Similar  epidote  rock  carrying  rich  copper  ore  is  reported  to  occur 
at  the  Olin  prospect,  in  the  mountains  at  the  head  of  Boxelder  Creek, 
4  or  5  miles  north  of  the  Brenning  claim. 

FEBBT  CLAIMS. 

About  2  miles  northwest  of  the  Brenning  prospect  is  a  group  of 
eight  mining  claims,  here  called  the  Perry  group  after  one  of  the 
owners.  These  claims  are  arranged  end  to  end  and  consequently 
they  cover  a  strip  of  ground  12,000  feet  long.  The  middle  of  the 
group  is  near  the  northeast  comer  of  sec.  33,  T.  29  N.,  R.  76  W. 
The  country  rock  is  mainly  granite,  but  schistose  dikes  are  present. 
The  work  done  has  disclosed  several  small  veinlike  bodies  of  quartz 
but  no  workable  metalliferous  deposits. 

DEEB  CBEEX  DISTBICT. 
LOCATION  AND  GEOLOGY. 

Though  the  Deer  Creek  district  is  imdefined  it  may  be  regarded  as 
comprising  the  country  between  Boxelder  Creek  and  the  western 
boundary  of  Converse  Coxmty.  It  is  adjoined  on  the  west  by  the 
Smith  Creek  asbestos  district,  in  Natrona  County. 

The  geology  of  the  Deer  Creek  district  appears  from  a  cursory 
examination  to  be  somewhat  more  complex  than  that  of  the  War 
Bonnet  district.  Schists  are  present  in  greater  abundance,  and  the 
granite  intrusions  are  more  irregular.  Serpentine,  which  was  not 
noted  farther  east,  here  occurs  in  many  places. 

SWEDE   BOY   VEIN. 

The  mining  claim  known  as  the  Swede  Boy  is  situated  between 
Boxelder  and  Deer  creeks  about  16  miles  south  of  Glenrock  and 
somewhat  less  than  4  miles  southwest  of  Boxelder  post  office.  (See 
PI.  V.)  Here  a  well-defined  quartz  vein  in  granite  has  been  opened 
by  an  inclined  shaft,  and  some  copper  ore  is  said  to  have  been  shipped. 
BVom  the  size  of  the  dump  it  seems  that  the  workings  may  aggregate 
200  feet.  Near  the  shaft  the  vein  does  not  actually  crop  out,  but 
from  the  alignment  of  several  openings  its  course  appears  to  bo  about 
N.  5*^  W.  At  the  shaft  mouth  the  vein  is  about  6  feet  thick  and  its 
apparent  dip  is  about  60°  E.     North  of  the  main  shaft  and  for  400 
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feet  to  the  south  the  ground  is  covered  by  debris  from  near-by  hills, 
but  farther  south  float  appears,  and  at  minor  shafts,  600  and  800  feet 
distant  from  the  main  workings,  the  vein  is  not  less  than  4  feet  thick 
and  shows  the  same  easterly  dip.  Rock  from  all  the  openings  shows 
some  copper,  but  there  is  much  barren  quartz  on  the  dumps,  especially 
at  the  south  workings. 

Since  the  last  work  was  done,  about  three  years  ago,  the  shaft  house 
and  mining  plant  have  been  destroyed  by  fire. 

CHBOMITE  IN  DEER  CREEK  CANYON. 

About  16  miles  southwest  of  Glenrock  and  13  miles  due  south  of 
Big  Muddy  (see  PL  V),  there  is  a  deposit  of  chromite  from  which 
several  lots  of  ore  have  been  shipped.  The  locaUty  is  on  the  west 
side  of  Deer  Creek  about  400  feet  above  the  bottom  of  the  steep- 
walled  canyon,  here  about  1,000  feet  deep.  This  district  is  one 
characterized  by  hornblende  schists,  coarse  granites,  and  scattered 
masses  of  serpentine.  The  chromite  is  associated  with  a  small 
serpentine  body.  It  is  said  that  there  are  several  separate  masses  of 
the  ore,  but  this  the  writer  did  not  observe,  as  because  of  the  steep- 
ness of  the  slope  he  was  able  to  examine  only  the  upper  or  western 
edge  of  the  serpentine  area.  Along  this  edge  the  serpentine  is  flanked 
by  schist,  the  wall  striking  nearly  north  and  dipping  steeply  to  the 
east.  Near  the  wall  and  in  a  general  way  parallel  with  it  is  a  layer  of 
ore,  which,  as  shown  by  a  series  of  pits,  has  a  thickness  of  2  to  5  feet 
and  seems  to  be  continuous  for  a  distance  of  perhaps  150  feet.  The 
ore  is  dense  and  fine  grained,  the  chromite  being  rather  evenly  inter- 
mixed with  a  scaly  silicate  mineral  that  is  probably  talc.  Near  the 
principal  chrome-ore  pit  a  layer  of  gray  talc  rock  has  been  exposed. 
Analyses  of  the  ore  are  here  given  through  the  courtesy  of  Mr.  E.  W. 
Merritt,  president  of  the  Chromium  Mines  Co.,  and  of  Mr.  J.  S.  Diller, 
in  charge  of  chromite  statistics  for  the  United  States  Oeological 
Survey. 

Analyses  of  chrome  ore  from  Deer  Creek, 
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1, 2,  Samples  sent  to  Illinois  Steel  Co.;  3,  concentrates  furnished  by  Colorado  Fuel  <Sc  Iron  Co. 

Carload  lots  of  the  Deer  Creek  ore  are  reported  to  have  carried  35 
per  cent  of  chromic  oxide.  The  freight  rate  on  ore  of  this  class  from 
Glenrock  to  Chicago  is  stated  by  Mr.  Merritt  to  be  $4  a  ton. 
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ASBESTOS   PBOSPECTS   EAST  OF  DEER  CREEK. 

For  several  years  there  has  been  considerable  interest  in  the 
dovelopment  of  asbestos  deposits  on  the  Casper  Range,  8  miles 
south,  and  on  Smith  Creek,  20  miles  south  of  Casper.  These  districts 
lie  west  of  Deer  Creek.*  The  Smith  Creek  area  extends  across 
Deer  Creek,  where  serpentine  rocks  are  irregularly  distributed  in 
masses  of  small  or  moderate  size  over  a  northeastward-trending  area 
about  8  miles  long  and  4  miles  wide.  Although  the  serpentine  areas 
have  been  prospected  and  asbestos  has  been  found  in  several  places, 
such  explorations  as  were  visited  are  thought  to  offer  little  promise. 
Further  developments  are  not  likely  to  be  undertaken  imtil  the 
Smith  Creek  and  Casper  Mountain  enterprises  have  been  put  on  a 
basis  of  profitable  operation. 

MORMON   CANYON   PROSPECTS. 

Asbestos  and  copper  locations  made  by  C.  J.  Wells  and  associates 
in  Mormon  Canyon,  at  the  head  of  Dry  Creek,  about  8  miles  south 
of  Glenrock,  were  under  development  during  the  summer  of  1914. 
The  locality  was  visited  during  the  temporary  absence  of  Mr.  WeUs, 
and  the  writer  was  not  successful  in  an  attempt  to  find  the  copper 
locations.  Samples  of  the  ore  that  'were  seen  at  Douglas  show 
chalcocite  and  chalcopyrite  in  white  quartz  and  resemble  ore  from 
the  Copper  King  mine. 

MARTIN   SMITH   COPPER  PROSPECT. 

A  mining  claim  known  as  the  Martin  Smith  is  about  9  miles  due 
south  of  Glenrock  (see  PL  V),  in  a  narrow  canyon  near  the  head  of 
a  tributary  of  Hunton  Creek.  The  rocks  in  the  vicinity  are  horn- 
blende schist,  granite,  and  serpentine.  At  a  point  about  100  feet 
above  the  bottom  of  the  canyon  copper  carbonate  was  discovered. 
A  shaft  about  30  feet  deep  was  sunk,  and  though  nothing  of  practical 
significance  was  disclosed  a  tunnel  was  run  through  hornblende 
schist  to  a  point  approximately  under  the  shaft. 

LA  PKEUS  DISTBICT. 
LOCATION  AND  GEOLOGY. 

The  section  here  called  the  La  Prele  district  is  named  for  con- 
venience to  include  mining  prospects  in  the  vicinity  of  the  La  Prele 
reservoir,  which  lies  about  12  miles  southwest  of  Douglas.  The 
region  is  one  in  which  hornblende  schists  are  rather  more  abundant 

I  Dffln',  J.  8.,  The  types,  modes  of  occturence,  and  important  deposits  of  asbfsstos  in  the  United  States: 
C.  S.  OeoL  Smrey  Bull.  470,  pp.  513^10, 1911. 
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than  granite.  In  general  it  is  limited  on  the  north  by  the  Paleozoic 
sedimentary  formations,  though  locally  these  are  overlapped  by  the 
Tertiary  White  River  beds.  Prospecting  has  been  done  in  several 
places,  but  only  two  localities  were  visited. 


COPPER   PROSPECTS  ON   COTTONWOOD   CREEK. 

A  group  of  mining  claims  8  miles  due  south  of  Careyhurst  station, 
formerly  known  as  the  Spring  Canyon  or  Devoe  group,  is  now  called 


Figure  6.— Sketch  map  of  Mewis  property,  showing  location  of  claims  and  local  geology. 

the  Mewis  property.  (See  PI.  V.)  A  plat  of  these  claims  made  avail- 
able through  the  courtesy  of  Mr.  Mewis,  of  Douglas,  shows  the  prin- 
cipal geologic  features  of  the  locality  (fig.  6). 

The  Carboniferous  Casper  formation  here  overlaps  the  pre-Cam- 
brian  rocks  and  is  so  tilted  that  its  beds  dip  north-northeast.  Im- 
mediately overlying  black  and  green  schists  is  a  bed  of  sandstone 
from  20  to  40  feet  thick,  and  above  this  are  layers  of  massive  lime- 
stone. These  beds  are  broken  by  a  strong  fault  that  trends  almost 
directly  across  their  strike  and  has  essentially  the  same  course  as  the 
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channel  of  Cottonwood  Creek  beyond  the  mountain  front.  The  ver- 
tical  displacement  along  this  fault  is  probably  more  than  100  feet, 
and  the  downthrown  block  is  on  the  east.  Because  of  the  northerly 
dip  of  the  stratified  rocks  and  the  manner  in  which  they  have  been 
eroded  the  horizontal  offset  of  the  basal  sandstone  member  is  about 
800  feet.  The  sandstone  is  so  indurated  that  it  is  properly  called 
quartzite.  Away  from  the  fault  it  is  nearly  white,  but  as  the  break 
is  approached  from  the  east  the  quartzite  takes  on  a  deep-red  color. 
This  color  change  is  accompanied  by  a  markedly  greater  induration, 
and  next  to  the  fault  the  rock  presents  a  vitreous  appearance.  The 
ore  mined;  which  contained  carbonate  minerals  and  chalcocite,  came 
from  shallow  workings  that  extend  at  least  50  feet  away  from  the 
fault  break,  though  the  fault  can  not  be  accurately  located  at  this 
place.  From  a  point  west  of  the  fault  and  about  60  feet  below  the 
level  of  the  surface  workings  a  tunnel  was  run  in  with  the  evident 
intention  of  getting  beneath  the  ore,  but  apparently  it  did  not  lead 
to  the  discovery  of  anything  of  value. 

This  occurrence  of  copper  is  to  be  distioguished  from  all  that  have 
been  described  on  foregoing  pages  in  that  the  metalliferous  minerals 
are  here  segregated  in  sandstone  of  Carboniferous  age,  whereas  not 
only  are  most  of  the  other  deposits  in  pre-Cambrian  rocks,  but  their 
nature  is  such  that  they  can  only  be  regarded  as  having  been  formed 
in  pre-Cambrian  time.  Copper  deposits  occur  in  the  Hartville  dis- 
trict, in  eastern  Wyoming,^  in  limestones  that  correspond  in  age  with 
the  Casper  formation. 

The  influence  of  the  fault  in  localizing  the  segregation  is  obvious. 
If  further  prospecting  is  done,  the  writer's  suggestion  would  be  that 
the  quartzite  bed  is  probably  the  most  favorable  place  for  ore.  A 
tunnel  driven  in  a  southwesterly  direction  from  a  point  in  the  can- 
yon near  the  big  bend  would  strike  the  fault,  and  by  following  this 
break  to  the  south  the  northward-dipping  quartzite  would  be  en- 
countered. The  limestone  near  the  fault  would  be  partly  explored 
by  the  tunnel,  and  if  ore  were  to  be  found  in  the  quartzite  an  exten- 
sion of  the  tunnel  would  show  whether  the  fissure  is  mineralized 
below  the  point  where  it  is  met  by  the  quartzite  layer. 

HAZENVILLE   PROSPECTS. 

About  1900  some  widely  advertised  prospecting  was  in  progress 
about  2  miles  east  of  the  present  La  Prele  reservoir,  at  a  locality  still 
known  as  Hazenville.  The  work,  consisting  of  the  opening  of  a 
shaft  and  a  tunnel,  was  undertaken  because  of  a  small  copper-bearing 
quartz  vein  occurring  in  black  schist. 

1  Smith,  W.  S.  T.,  U.  S.  Oeol.  Survey  Owl.  Atlas,  nartTille  folio  (No.  01),  1903. 
20142*»— Bull.  626—16 6 
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THE  LIGNITE  FIELD  OF  NORTHWESTERN 

SOUTH  DAKOTA. 


By  DsAN  E.  Winchester,  C.  J.  Hares,  E.  Russell  Lloyd,  and 

E.  M.  Parks. 


INTBODUCTTON. 

liOCATION  AND  EXTENT. 

The  field  described  in  this  report  (see  fig.  1)  is  a  rectangular  area 
of  about  4,900  square  miles  in  Perkins  and  Harding  counties,  S.  Dak., 
and  includes  nearly  all  the  valuable  lignite  of  the  State.  It  extends 
from  the  Montana  line  to  the  east  line  of  Perkins  County,  in  R.  17  E. 
of  the  Black  Hills  meridian,  and  from  T.  15  N.  to  the  North  Dakota 
State  line. 

Lignite  is  present  in  nearly  every  part  of  the  field,  but  in  most 
places  the  beds  are  thin  and  lenticular.  Probably  the  greater  part  of 
the  South  Dakota  lignite  will  never  become  of  more  than  local  economic 
importance.  A  few  districts,  however,  contain  beds  sufficiently 
thick  and  persistent  to  warrant  commercial  development.  Only 
about  8  per  cent  of  the  total  area,  or  approximately  390  square  miles, 
is  underlain  by  lignite  having  a  thickness  of  2  feet  10  inches  or  more. 

OBJECT  OF  THE  ST7BVEY. 

In  July,  1910,  a  laige  part  of  the  public  land  in  Perkins  and  Harding 
counties,  S.  Dak.,  was  withdrawn  from  entry  on  the  supposition  that 
it  probably  contained  valuable  beds  of  lignite.  This  action  made  it 
impossible  for  settlers  to  obtain  patents,  which  would  cover  under- 
ground as  well  as  surface  rights,  until  the  land  should  be  examined 
and  classified  by  the  Geological  Smrvey.  This  report  embraces  the 
results  of  geologic  examinations  made  during  the  siunmers  of  1911 
and  1912,  for  the  purpose  of  classifying  the  area  as  coal  land  or  non- 
coal  land. 

PERSONNEL  AND  ACKNOWLEDOMENTS. 

During  the  smnmer  of  191 1  two  field  parties  were  engaged  in  geologic 
work  in  northwestern  South  Dakota.  One,  under  the  direction  of 
£.  M.  Parks,  assisted  by  H.  M.  Robinson,  R.  J.  Riggs,  P.  E.  Coaske, 
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and  W.  C.  Van  Emon,  worked  entirely  in  Harding  County  (see  fig.  1) 
west  of  R.  8  E.,  and  the  other,  under  .the  direction  of  Dean  E.  Win- 
chester, assisted  by  E.  Russell  Lloyd,  Carl  B.  Anderson,  and  S.  D. 
Greene,  examined  an  area  in  Perkins  and  Harding  counties  east  of 
and  including  R.  8  E.  In  1912  a  party  under  the  direction  of  C.  J. 
Hares,  aided  by  E.  G.  Woodruff,  E.  M.  Parks,  J.  B.  Reeside,  jr.,  Stuart 
St.  Clair,  and  Louis  R.  Roark,  and  another  in  charge  of  E.  Russell 
Lloyd,  assisted  by  Burton  W.  Clark,  W.  T.  Thorn,  jr.,  and  L.  M. 
Neuman,  spent  a  portion  of  the  field  season  in  completing  the  exam- 
ination of  Harding  and  Perkins  counties,  respectively. 


FiQUBB  1.— Key  map  showing  area  in  northwestern  South  Dakota  examined  by  each  field  party. 

The  field  work  of  both  seasons  was  done  under  the  general  super- 
vision of  M.  R.  Campbell  and  E.  G.  Woodruff,  to  whom  the  authors 
are  indebted  for  many  helpful  suggestions,  both  in  the  field  and  in  the 
office.  Thanks  are  due  also  to  the  many  residents  of  the  region  for 
their  cooperation  and  interest  in  the  work. 

PBEVIOUS  WOBK. 

The  first  geologist  to  visit  the  field  was  Mr.  N.  H.  Winchell,  who 
accompanied  Capt.  Ludlow,  in  1874,  in  the  military  exploration  of 
the  Black  Hills,  and  the  results  of  his  observations,  in  the  form  of  an 
interesting  and  suggestive  journal,  are  given  as  a  part  of  the  report 
of  the  expedition.*  J.  E.  Todd,  State  geologist  of  South  Dakota, 
in  1893,  made  a  reconnaissance  trip  into  the  region  to  investigate  the 

1  Winchell,  N.  H.,  Report  of  a  reconnaissance  of  the  Black  Hills  of  Dakota,  made  in  the  summer  of  1874, 
by  William  Ludlow,  pp.  21-66,  map,  4*,  Washington,  1875;  U.  S.  A.  Chief  of  Engineers  Rept.,  1874,  Appen- 
dix PP,  pp.  1131-1172,  Washington,  1875. 
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lignite,  and  the  data  he  obtained  were  published  by  the  South  Dakota 
Geological  Survey.*  Darton  *  has  given  a  summary  of  the  geolc^y 
of  northwestern  South  Dakota,  quoting  freely  from  the  reports  of 
Todd  and  Winchell.  Other  brief  references  to  this  region  appear  in 
various  reports  listed  in  the  bibliography  on  pages  164-165. 

IiAND  ST7BVEY. 

The  area  included  in  the  northwestern  South  Dakota  lignite  field 
was  surveyed  for  the  General  Land  Office  in  the  decade  1885-1895. 
The  land  comers  were  marked  in  some  parts  of  the  field  by  wooden 
stakes  and  the  regulation  pits,  but  in  the  greater  part  by  marked 
stones  and  pits  in  place  of  stakes.  Most  of  the  stakes  have  been 
destroyed,  but  the  pits  and  stones  remain,  so  that  there  is  seldom  any 
difficulty  in  determining  the  exact  location  of  a  comer,  except  where 
the  markings  have  been  destroyed  by  roads  or  cultivation.  The 
surveys  of  the  General  Land  Office  were  found  to  be  accurate,  so  far 
as  could  be  determined  by  the  methods  used  in  this  examination. 

FIEIJ>  WOBK. 

The  investigation  was  undertaken  primarily  to  collect  data  upon 
which  to  classify  public  lands  with  regard  to  their  mineral  or  non- 
mineral  character,  and  it  was  therefore  necessary  to  locate  all  data 
collected  with  reference  to  legal  subdivisions.  In  most  cases  a  rapid 
reconnaissance  was  first  made  in  each  township  to  determine  whether 
or  not  hgnite  was  present.  During  such  a  reconnaissance  the  forma- 
tion boundaries  were  mapped  by  plane-table  methods  or  by  pacing,  and 
observations  were  made  on  the  structure  and  character  of  the  strata. 
If  no  lignite  beds  of  sufficient  thickness  to  justify  mapping  were  dis- 
covered, further  work  was  not  considered  necessary.  If  the  pre- 
liminary examination  revealed  lignite  beds  of  importance,  they  were 
prospected  and  measured  where  possible  every  thousand  feet  or  so 
along  their  outcrop,  and  the  location  of  such  prospects,  as  weU  as  the 
position  of  the  outcrop  of  the  beds  with  reference  to  section  comers, 
was  determined  by  the  use  of  plane-table  methods.  Usually  in  order 
to  make  more  exact  correlations  of  the  scattered  exposures,  the  alti- 
tude of  each  exposure  of  a  lignite  bed  having  a  thickness  of  more 
than  2  feet  was  determined  by  the  use  of  vertical-angle  readings  in 
connection  with  the  stadia  traverse  or  single  plane-table  location. 
The  altitudes  of  a  large  number  of  points  along  the  geologic  contacts 
were  also  determined,  and  these  were  used  in  interpreting  the  geologic 
structure.  The  altitudes  are  based  on  a  United  States  Geological 
Survey  bench  mark  in  T.  12  N.,  R.  7  E.,  of  the  Black  Hills  meridian; 

*  Todd,  J.  E.,  A  reoonnaiasance  into  northwestern  South  Dakota:  South  Dakota  Oeol.  Survey  Bull.  2, 
p.  43, 18B6. 

*  Dtfton,  N.  H.,  Geology  and  underground  waters  or  South  Dakota:  U.  S.  Qeol.  Survey  Water-Supply 
Paper  227, 1909. 
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on  the  altitudes  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway  at 
Ives,  N.  Dak.,  and  Lemmon,  S.  Dak.,  and  on  the  United  Sates  Coast 
and  Geodetic  Survey's  primary  bench  marks  on  Table  Mountain, 
Lodgepole  Buttes,  Slim  Buttes,  and  Short  Pine  Hills.  During  the 
examination  a  complete  map  of  each  township,  on  a  scale  of  2  inches 
to  1  mile,  was  made  and  the  accompanying  maps  (Pis.  I  and  II,  in 
pocket)  are  the  result  of  a  compilation  of  these  township  maps.  The 
data  given  on  the  township  plats  of  the  General  Land  Office  were  used 
for  platting  the  land  net  on  plane-table  sheets  to  be  used  as  base 
maps  for  the  field  work. 

GEOGRAPHY. 

SURFACE  FEATTJBES. 

The  field  described  in  this  report  Ues  in  the  Great  Plains  province 
north  of  the  Black  Hills.  The  region  is  a  rolUng,  grass-covered 
prairie,  interrupted  here  and  there  by  small  areas  of  badlands  or  by 
steep-sided,  flat-topped  buttes  and  ridges.  The  area  south  of  Grand 
River  and  east  of  the  Slim  Buttes  has  long  been  known  to  the  ranchers 
of  northwestern  South  Dakota  as  the  '*Big  Meadow,"  inasmuch  as 
it  has  furnished  an  abundance  of  hay  and  excellent  grazing  for  large 
herds  of  cattle  and  horses.  Between  the  northern  edge  of  the  Big 
Meadow  and  the  South  Fork  of  Grand  River  recent  erosion  has 
dissected  the  area,  forming  a  hilly  coimtry  known  locally  as  '*The 
Breaks,"  in  which  some  of  the  best  rock  exposures  occur.  North  of 
the  South  Fork  of  Grand  River  the  surface  is  more  imdulating  but 
for  the  most  part  is  covered  by  grass,  so  that  rock  exposures  are 
scarce. 

The  SUm  Buttes,  near  the  center,  and  the  Short  Pine  HiUs,  near 
the  southwest  comer  of  the  field,  are  timber-covered  mesas  rising 
300  to  500  feet  above  the  surrounding  country.  The  lower  land 
bordering  the  cliffs  of  these  buttes  has  been  carved  by  erosion  into 
intricate  badlands  with  impassable  gullies  and  ridges.  The  Cave 
Hills  (see  PI.  Ill,  -4),  a  group  of  level-topped  timbered  ridges,  small 
mesas,  and  disconnected  buttes,  cover  a  considerable  area  in  the 
northern  part  of  the  field  and  are  capped  by  thick  beds  of  yellow 
and  pinkish  sandstone  which  on  weathering  gives  rise  to  a  peculiar 
honeycomb  structure  with  many  small  caves.  The  height  of  the 
hills  above  the  general  level  is  400  to  600  feet.  Slimiping  is  much 
less  common  than  it  is  about  the  SUm  Buttes  and  Short  Pine  Hills. 

The  red  baked  rock  and  clinker  resulting  from  the  bmning  of 
lignite  beds  are  very  resistant  and  cap  sharp  cones,  buttes,  ridges, 
and  small  mesas  or  crop  out  in  low  ridges  along  divides.  Their 
bright  colors  present  a  pleasing  variation  in  an  otherwise  rather  dull, 
monotonous   landscape.     In   northwestern    South   Dakota    clinker 
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buttes  are  best  developed  in  the  northern  part  of  Harding  County, 
near  the  Cave  Hills,  and  in  Tps.  21  and  22  N.,  R.  1  E. 

Along  the  small  streams,  where  erosion  is  so  rapid  that  vegetation 
can  not  maintain  a  foothold,  there  are  many  small  areas  of  badlands, 
where  the  bare  slopes  expose  all  the  strata  in  detail.  Such  an  area, 
known  locally  as  the  ''Jump-off,"  lies  along  the  north  side  of  the 
divide  between  Moreau  River  and  the  South  Fork  of  Grand  River, 
in  Rs.  4  and  5  E.,  and  along  the  east  side  of  the  divide  between  the 
Little  Missouri  and  the  South  Fork  of  Grand  River.  It  extends 
from  the  Short  Pine  Hills  to  the  south  side  of  T.  20  N.,  R.  3  E.,  where 
it  gradually  gives  way  to  a  rolling  prairie.  The  "Jiunp-off  "  bad- 
land  ranges  in  width  from  half  a  mile  to  3  miles  and  forms  a  marked 
contrast  with  the  slopes  on  the  south  and  west  sides  of  the  divide. 

Locally  there  are  areas  of  sand  dunes,  particularly  between  the 
South  Fork  of  Grand  River  and  the  East  Short  Pine  Hills. 

The  altitude  of  the  field  ranges  from  about  2,100  feet  above  sea  level 
in  the  valley  of  Grand  River,  at  the  east  border  of  the  field,  to  3,607 
feet  on  Table  Mountain,  3,222  feet  on  the  Lodgepole  Buttes,  3,624 
feet  on  the  Shm  Buttes,  and  4,019  feet  on  the  West  Short  Pine  Hills, 
giving  a  maximum  relief  of  about  1,900  feet. 

DBAXNAQB  AND  WATER  SUPPLY. 

Three  lai^e  streams  receive  the  drainage  from  this  field — ^Little 
Missouri,  Grand,  and  Moreau  rivers. 

Little  Missouri  River,  which  enters  the  field  from  the  southwest, 
flows  northward  across  the  western  part  of  Harding  County,  receiving 
the  drainage  of  a  strip  of  country  about  12  miles  in  width.  Its 
principal  tributaries  are  Valley  and  Big  Boxelder  creeks.  The  river 
contains  running  water  at  all  times,  although  in  dry  years  the  flow 
13  very  small.  Its  valley  is  broad  and  open,  and  the  stream  meanders 
over  a  flood  plain  about  a  mile  in  width. 

The  South  Fork  of  Grand  River  is  formed  by  the  confluence  within 
a  short  distance  of  six  perennial  streams — ^Bull,  Jones,  Buffalo,  Sand, 
SquaWy  and  Big  Nasty  creeks.  In  the  eastern  part  of  the  area  it  is 
joined  by  the  North  Fork  of  Grand  River.  Its  flow  is  generally  less 
than  that  of  Little  Missouri  River,  but  it  is  scarcely  ever  dry.  In 
Perkins  County  the  river  occupies  a  broad,  open  valley  cut  from  300 
to  400  feet  below  the  average  level  of  the  Big  Meadow  to  the  south, 
and  its  many  tributaries,  which  enter  at  nearly  right  angles, 'occupy 
narrow,  steep-sided  valleys.  Near  the  river  itself  are  low,  sandy  hills 
and  broad,  sandy  flats,  whereas  away  from  the  stream,  in  eastern 
Harding  and  Perkins  counties^  the  divides  are  in  many  places  capped 
by  small  rocky  buttes. 

Moreau  River,  through  its  tributaries,  Antelope,  Rabbit,  and 
Thunder  Butte  creeks,  drains  most  of  the  Big  Meadow  and  a  large 
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area  southwest  of  the  Slim  Bnttes.  The  North  Fork  of  Moreau  River 
rises  in  the  southwestern  part  of  the  field,  but  east  of  range  8  its  coiurse 
is  wholly  outside  of  the  area. 

The  many  small  streams  tributary  to  the  Little  Missouri  and  to  the 
South  Fork  of  Grand  River  have  a  tendency  to  flow  in  northwest  or 
southeast  directions.  This  trend  of  stream  courses  is  markedly  par- 
allel to  the  strike  of  the  rocks  and  may  have  been  determined  by  the 
rock  structure.  All  the  perennial  streams  and  many  of  the  inter- 
mittent streams  meander  on  scales  commensurate  with  their  size, 
many  of  them  with  almost  dii^rammatio  regularity. 

The  waters  that  flow  eastward  in  western  South  Dakota  have  a 
much  shorter  course  to  the  Gulf  of  Mexico  than  those  which  flow  by 
way  of  little  Missouri  River;  in  fact,  the  distance  from  western 
Harding  County  down  Little  Missouri  and  Missouri  rivers  to  Fort 
Pierre,  S.  Dak.,  is  nearly  twice  as  great  as  the  distance  by  way  of  Grand 
River.  This  di£Ference  produces  a  much  steeper  gradient  and  much 
more  active  erosion  in  the  valleys  of  the  eastward-flowing  streams. 
The  bed  of  the  South  Fork  of  Grand  River  at  Buffalo  is  nearly  a  hun- 
dred feet  lower  than  that  of  Little  Missouri  River  at  Camp  Crook, 
about  12  miles  to  the  west,  although  the  latter  is  a  much  larger  stream. 
Doubtless  if  conditions  remain  as  they  are  at  present  Little  Missouri 
River  will  in  time  be  captured  by  Grand  River,  as  its  headwaters  50 
miles  above  have  been  captured  by  Belle  Fourche  River.*  Erosion 
at  the  head  of  one  of  the  eastward-flowing  tributaries  of  the  South 
Fork  of  Grand  River  may  in  time  cut  through  the  present  divide 
between  the  two  rivers  and  make  this  capture  possible.  The  waters 
of  the  Little  Missouri  will  then  flow  along  what  is  now  Valley  Creek 
for  a  distance  of  3  or  4  miles  and  cut  across  the  present  divide  in  a 
general  eastward  direction,  joining  the  south  fork  of  Grand  River  near 
Buffalo. 

Throughout  the  field  water  for  domestic  use  and  for  stock  is 
obtained  chiefly  from  shallow  wells,  although  there  are  a  number  of 
good  springs.  In  the  open  plains  area  springs  are  scarce,  and  the 
water,  which  in  most  places  issues  from  lignite  beds,  is  not  especially 
good.  Along  the  margin  of  the  Slim  Buttes,  however,  there  are  a 
number  of  good  springs  which  issue  near  the  base  of  the  White  River 
formation.  The  best  known  of  these  springs  is  near  the  old  L  ranch, 
in  sec.  29,  T.'18  N.,  R.  8  E.,  where  an  abundant  supply  of  pure,  cool 
water  flows  from  a  sandy  shale  near  the  base  of  the  buttes.  Other 
good  springs,  issuing  from  about  the  same  horizon,  have  been  known 
and  used  by  the  stock  ranchers  for  many  years.  In  Cave  Hills 
and  Lodgepole  Buttes  are  good  springs  which  also  have  had  an 

>  Darton,  yi.Tl.,  Preliminary  report  on  the  geology  and  underground  water  resources  of  the  central  Great 
Plains:  U.  S.  Oeol.  Survey  Prof.  Paper  32,  p.  1S9, 1905. 


GEOOBAPHT.  13 

important  part  in  the  stock-raising  history  of  the  country.  No  arte- 
sian water  has  been  developed,  and  in  g^oral  the  prospect  of  devel- 
oping artesian  water  in  the  field  is  not  gob^;.4»  the  sandstones  are  not 
persistent  over  sufficiently  lai^e  areas.  Accordi^  to  Darton  ^  the 
head  of  water  from  the  sandstones  of  the  Benlah'^hale  or  from  the 
Dakota  sandstone,  which  are  the  main  water-beating  formations  of 
the  Black  Hills,  would  be  insufficient  to  produce  a  flowiiSg  w'ell  in  this 
area.  A  well  in  the  Little  Missouri  fiat  at  Camp  Crook  Vq^'  idxilled 
to  a  depth  of  1,100  feet  and  no  fiow  of  water  was  obtained.  At.  this 
place  the  Pieire  shale  is  within  100  feet  of  the  surface,  and  it  is  prob- 
able that  this  well  did  not  reach  the  water-bearing  formations  or  even 
go  completely  through  the  Pierre  shale.  No  water  could  be  expected 
before  the  Pierre  is  passed  through,  which  woidd  mean  a  depth  of 
1,400  to  1,700  feet  at  Camp  Crook. 

Some  of  the  flats  along  the  larger  streams  are  irrigated  by  damming 
smaller  tributary  valleys  to  catch  the  spring  wash,  and  at  Willett 
water  is  pumped  from  the  river  to  the  terrace  by  steam  power.  Both 
methods  are  found  profitable  and  may  become  more  profitable  with 
improved  appliances. 

CUKATB  AND  VEQETATION. 

Perkins  and  Harding  counties  are  located  in  the  semiarid  area  of  the 
Great  Plains,  where  the  annual  rainfall  is  about  15  inches  and  this 
often  falls  at  seasons  when  it  is  least  needed.  During  several  years 
previous  to  1910  the  rainfall  was  sufficient  to  produce  an  abundant 
growth  of  vegetation  over  a  lai^e  part  of  the  Big  Meadow,  and  the 
native  grass  is  reported  to  have  stood  knee-high  in  many  places.  A 
large  part  of  the  area  was  originally  an  open  prairie  and  is  destitute 
of  trees,  except  for  a  few  willows  and  cottonwoods  along  stream 
courses  and  pines  on  the  buttes.  Most  of  the  land  can  be  cultivated 
and  by  the  use  of  proper  methods  of  cultivation  should  yield  good 
crops.  The  soil  constituents  are  such  that  only  a  small  amount  of 
moisture  is  necessary  to  raise  potatoes  and  other  garden  vegetables, 
as  well  as  certain  small  grains.  Not  infrequently  promising  fields  of 
grain  are  parched  in  a  few  days  by  dry  winds  or  beaten  down  by  hail- 
storms. 

The  Slim  Buttes,  Short  Pine  Hills,  and  Cave  TTiHa  are  included  in 
the  Sioux  National  Forest  and  are  clothed  with  a  scanty  growth  of 
yellow  pine  {Pintis  ponderosa)  and  cedar.  The  pines  are  far  larger 
and  more  abundant  than  the  cedars.  At  present  only  dead  timber 
may  be  removed  from  the  national  forest,  and  this  only  by  permission 
of  the  forest  ranger. 

« 

>  Darton,  N.  H.,  Geology  and  underground  waters  of  South  Dakota;  U.  S.  Geol.  Survey  Water-Supply 

Pip«a7,p.77,i8oa 
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Several  lai^e  cattle  s^-lictrse  ranches  were  established  m  the  area 
in  the  early  eighties^  btft  recently  most  of  them  have  given  way  to 
small  farms.  Siix6^**ld08  the  field  has  been  settled  rapidly,  so  that 
in  1912  there  were  Very  few  sections  of  land  that  had  not  been  entered 
by  the  hom^teader. 

hem&pafim  the  Chicago,  Milwaukee  &  St.  Paid  Railway,  is  the 
largesf^  \e\m  in  the  area,  having,  according  to  the  last  census,  a  popu- 
.•IfCiieji  of  1,200,  and  is  a  distributing  point  for  a  large  section  of  the 
"• '"iwrroundijig  coimtry.  Meadow,  one  of  the  older  towns  of  the  region, 
''•  is  the  distributing  point  for  mail  for  the  near-by  .towns  and  is  con- 
nected with  Lemmon  by  a  daily  automobile  stage.  Bison,  the 
county  seat  of  Perkins  Coimty,  is  a  town  of  about  100  inhabitants 
in  sec.  13,  T.  18  N.,  R.  13  E.,  and  is  connected  with  the  railway  at 
Lemmon  by  daily  stage  going  through  Meadow.  Strool,  in  sec.  19, 
T.  18  N.,  R.  11  E.,  a  thriving  business  town  of  about  76  inhabitants, 
is  the  distributing  center  for  a  large  area  and  is  connected  with 
Hettinger,  N.  Dak.,  by  daily  automobile  stage.  Camp  Crook,  with 
125  inhabitants,  is  located  on  Little  Missoiui  River  6  miles  north  of 
the  West  Shore  Pine  Hills,  and  is  on  a  stage  line  between  Belle 
Fourche,  S.  Dak.,  on  the  Chicago  &  North  Western  Railway,  and 
Bowman,  N.  Dak.,  on  the  Chicago,  Milwaukee  &  St.  Paid  Railway. 
Buffalo,  the  county  seat  of  Harding  County,  in  sec.  30,  T.  19  N., 
R.  5  E.,  has  a  popidation  of  about  100  and  is  on  another  stage  line 
connecting  Belle  Fourche  and  Bowman.  Each  of  the  remaining 
places  indicated  on  the  maps  (Pis.  I  and  II,  in  pocket)  consists  of  a 
few  houses  with  a  store  or  two  and  a  post  office,  or  of  a  ranch  house 
that  serves  as  a  post  office. 

In  addition  to  the  main  stage  roads,  there  tire  numerous  other  roads 
which  give  easy  access  to  all  parts  of  the  field  except  those  immedi- 
ately adjacent  to  the  high  mesas.  Roads  are  being  rapidly  adjusted 
to  section  and  township  lines,  and  it  was  not  deemed  advisable  to 
show  their  present  locations  on  the  map.  The  Chicago,  Milwaukee  & 
St.  Paul  Radway,  the  only  railway  which  enters  the  field,  crosses  only 
the  northeastern  comer.  During  1910  a  survey  was  made  for  an^ 
extension  of  a  branch  line  of  this  road  from  Isabel  and  Firesteel,  east 
of  the  field,  across  Perkins  County  near  Chance,  Daviston,  and 
Sorum.    No  construction  work,  however,  has  yet  been  done  on  this 

line. 

GEOIiOGY. 

aENBBAIi  OTTTLINE. 

The  stratigraphic  section  exposed  in  the  northwestern  South  Dakota 
lignite  field  includes  rocks  of  Cretaceous,  Tertiary,  and  Quaternary  age. 
The  oldest  rocks  belong  to  the  upper  part  of  the  Pierre  shale,  which 
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is  of  marine  origin,  and  are  succeeded  by  the  Fox  Hills  sandstone,  also 
marine.    This  is  in  turn  overiain  by  Uie  predominantly  fresh-water 
shale  and  sandstone  of 
the  Lance  formation. 

la  the  field  two  mem- 
bers of  the  Lance  forma- 
tion are  rec<^ized  in 
addition  to  a  lower  xm- 
ilifTerenti&ted  part.  The 
upper  one  is  the  Cannon- 
ball  marine  member,  of    ^ 
which,  however,  the  dis-    g 
tribution  in  northwests    " 
em  South  Dakota  is  not    B 
definitely  known.     It  is   | 
known  to  extend  across    e. 
ihe  northern   part    of    i 
Perkins  Coimty  and  at   * 
least  a  part  of   Hard-    | 
ing  County.     The  type    I 
hwality  of  the  member    | 
is  on  Cannonball  River    f 
in'  Morton    Coimty,  N.    :: 
Dak,,  and  the  member    S 
has  been  described  by    I 
Lloyd'    and   later  by    a 
Lloyd  and  Hares.'  | 

In  the  western  part  of    i 
the  field  the  Ludlow  lig-    | 
nilic  member  underlies    ? 
the  Cannonball   and   is    g 
tj-pically   developed   in    p 
the  vicinity  of  Ludlow, 
HardingCounty.    In  the 
eastern  part  of  the  field 
the  Ludlow  member  is 
thinner  and  the  Cannon- 
hall  thicker,  and  the  two 
are  therefore  probably  in 
part  of  the  same  age. 

The  authors'  interpretation  of  the  conditions  of  sedimentation  is 
illustrated  by  the  accompanying  diagram  (fig,  2). 

'Lbyd,  E.  ft. .The  CBnnonlallRlTBr  lignite  deW.N.  Dak. i  U.S.  Owl.  Survey  Hull.  S4l,pp.  2«-Ml, 
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The  predominantly  light-colored  sandstone  and  shale  of  the  lignite- 
bearing  Fort  Union  formation  overlie  the  Lance  and  are  apparently 
conformable  with  it.  Rocks  of  Oligocene  and  possibly  Miocene  ago 
form  a  nimiber  of  prominent  buttes  and  rest  unconformably  on  both 
the  Lance  and  Fort  Union  formations.  Quaternary  deposits  aro 
represented  by  dune  sands,  by  the  present  flood  plains  of  the  principal 
streams,  and  by  old  river  terraces  from  50  to  75  feet  above  the  present 
valley  floors. 

A  general  geologic  section  is  given  below. 

OemrdUzed  section  of  the  geologic  formations  in  northwestern  South  Dakota, 


System. 


Series. 


Quater- 
nary. 


Tertiary. 


T«tiary(?) 


Cretaceous. 


Formation  and  member. 


Arikaree  (?)  sandstone. 


Unoonfomiity(?)- 


White  River  formation,  in- 
cluding both  Titanothe- 
rium  and  Oreodon  xones. 


Thickness  in 
feet. 


r5-225 


45-140 


Character. 


Sand  dunes,  terraoe  and  Hood-plain  d»> 
posits. 


Thick-bedded  gray  to  greenish-white 
calcareous  sandstone,  generally  fine 
grained.  Contains  many  fragments 
of  acidio  Toloanic  rocks.  Weathered 
suriiMse  in  places  shows  concretionary 
structure. 


Banded  and  flesh-colored  calcareous 
clays,  with  siliceous  nodules  and 
irregular  plates  in  upper  half  and 
coarse  white  calcareous  sandstone  in 
lower  half.  Locally  cross-bedded^n 
large  scale. 


Unconformity,  both  angular  and  erosional.    At  least  750  feet  of  rock  strata  removed. 


» 


Fort  Union  formation. 


425 


H 


s 


Cannonball 
member. 


marine 


0-225 


Ludlow  Ugnltio  mem- 
ber. 


Fox  Hills  sandstone. 


Pierre  shale. 


0-350 


425 


25-  75 


50  expos(Ml. 


Ifassive  finegrained  yellow  sandstone, 
shale,  and  flgnite. 


Dark  fine-grained  sandstone  and  shale. 


Yellowish  to  gray  sandstone,  clayey 
sandstone,  shale,  and  lignite  beds, 
variable  in  thiclmes^  and  quality. 


Somber-colored  soft  shale,  brown  shale, 
and  eray  sandstone,  with  thin  lig- 
nite lenses  in  upper  part.  Lower 
half  more  sandy  and  contains  few  lig- 
nite or  bituminous  bands.  Many 
concretions  and  thin  lenses  of  iron 
carbonate.  Loelike  concretions.  Ex- 
tremely variable  throughout. 


Marine  gravish-white  to  3reUowish  fri- 
able sanaist<me,  with  concretions. 


Marine  dark  shale  containing  oval  lime- 
stone ooncretions  thatoreak  into 
rhombs  when  exposed  to  weather. 
Gives  rise  to  gumbo  soil. . 
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CBETACEOT7S  SYSTBM. 
PIEBBE  SHALE. 

The  Pierre  shale  crops  out  in  a  small  area  near  the  extreme  south* 
west  comer  of  the  field,  where  only  about  50  feet  of  the  formation  is 
exposed.  According  to  Darton/  its  total  thickness  in  this  region  is 
1,200  to  1,400  feet.  The  record  of  a  well  at  Camp  Crook  shows  that 
the  Pierre  is  within  100  feet  of  the  surface  at  that  place. 

The  formation  is  made  up  of  drab  to  black  soft,  crumbly  shale, 
which  is  very  fine  grained  and  apparently  homogeneous  throughout, 
with  the  exception  of  scattered  concretions,  which  are  nonfossiliferous. 
The  cone-in-cone  structure  is  common  in  most  exposures.  Gypsum 
is  abundant,  occurring  as  small  crystals  in  the  shale,  and  is  the  cause 
of  much  of  the  alkali  in  the  water  flowing  over  this  formation.  The 
weathered  outcrops  of  the  formation  are  ashen,  tan,  or  light  brown 
in  color  and  extremely  porous,  but  id  fresh  outcrops  along  stream 
channels  the  shale  appears  nearly  black  and  is  so  soft  that  it  may  be 
easily  carved  into  blocks  with  a  knife.  Structurally  it  is  thinly  bedded 
and  jointed. 

The  Pierre  shale  weathers  into  a  somewhat  barren  rolling  and  unin- 
viting country,  conunonly  known  as  the  "gumbo  country."  Its 
areas  are  distinguished  topographically  by  smooth,  roimded  hills, 
gentle  slopes  and  valleys,  and  a  general  absence  of  peculiar  erosion 
forms  such  as  characterize  areas  of  the  Lance  formation.  The  soil 
when  dry  is  loose  and  often  deeply  cracked,  but  when  wet  it  is  very 
sticky  and  bo^y.  For  agricultural  purposes  soil  derived  wholly 
from  the  Pierre  is  very  poor,  being  usually  alkaline  and  infertile. 
Such  vegetation  as  grows  on  it  appears  to  be  stunted,  and  much  of 
the  ground  is  barren. 

No  fossils  were  collected  from  the  Pierre  in  the  area  covered  by 
this  report,  but  elsewhere  it  carries  a  large  marine  fauna,  as  cited  by 
Darton.'  Calvert,'  Leonard,*  and  others. 

FOX  HILLS   SANDSTONE. 

The  Fox  Hills  sandstone  overlies  the  Pierre  shale  south  of  the 
Short  Pine  Hills  and  is  exposed  along  the  axis  of  the  low  Glendive 
anticline  along  the  North  Dakota  State  line  east  of  Little  Missouri 
River.  South  of  the  Short  Pine  Hilb  the  formation  consists  of  25 
leet  or  more  of  very  friable  yellow  to  gray  medium-grained  sandstone. 
With  concretions  showing  cross-bedding.    The  upper  limit  of  the 

»I^rtoD,N.H.,op.clt.,p.23. 
«ldBin,p.41. 

^^^OjWwt,  W.  R.,  Geology  of  certain  lignite  fields  in  eastern  Montana:  U.  8.  Oeol.  Surrey  Bull.  471,  pp. 

*j^"»nl^.  0.,  The  geological  history  of  North  Dakoto:  North  Dakota  Geol.  Survey  Fifth  Blenn. 
«I*-,  pp.  227-243, 1908. 
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formation  can  not  be  ascertained  with  accuracy  in  this  part  of  the  field, 
owing  to  the  grass-covered  character  of  the  country. 

In  the  area  along  the  North  Dakota  State  line  only  30  or  40  feet  of 
the  formation  is  exposed  and  the  upper  limit  is  fairly  distinct.  Tho 
formation  consists  of  very  light  gray  or  almost  white  sandstone,  com- 
posed of  rather  fine  grains  of  white  quartz  and  a  small  amount  of 
black  mica,  the  whole  weakly  cemented  by  calcium  carbonate.  This 
area  is  at  the  south  end  of  the  Glendive  anticline,  and  the  sandstone 
has  been  included  in  the  Colgate  sandstone  member  of  the  Lance 
formation,  as  mapped  around  the  same  anticline  farther  northwest.^ 
Shark  teeth  and  the  manine  plant  Halymenites  major  occur  abundajitly 
in  the  formation  in  North  Dakota.'  Fossil  leaves  were  collected  in 
T.  23  N.,  R.  2  E.,  from  ferruginous  concretions  on  the  sxirface  of  the 
formation,  but  these  concretions  may  have  been  washed  down  from 
the  overlying  Lance. 

Although  the  Fox  Hills  is  only  25  to  75  feet  thick  in  this  area  and 
is  300  to  400  feet  thick  in  the  type  locality  at  Fox  Ridge,  S.  Dak.,  200 
miles  to  the  east,  the  difference  may  be  due  to  unequal  deposition  and 
not  to  imequal  erosion,  as  the  sandstone  represents  a  shore  phase  of 
deposition. 

It  does  not  appear  that  in  this  region  there  was  any  profound  break 
in  sedimentation,  either  at  tho  beginning  or  at  the  end  of  Fox  Hills 
time.  The  exposures  are  so  poor  as  to  preclude  the  detection  of  dis- 
cordance of  strikes  and  dips  or  evidence  of  erosional  unconformity, 
but  if  there  was  a  hiatus,  it  was  one  in  which  little  or  no  erosion 
occurred. 

The  sandstone  is  assigned  to  the  Fox  Hills  formation  on  the  grounds 
that  in  this  field,  as  in  the  type  locality  about  200  miles  to  the  east, 
the  Fox  Hills  occurs  conformably  immediately  above  the  Pierre; 
hthologically  it  is  similar  to  the  Fox  Hills  in  its  type  area;  and  the 
formation  in  North  Dakota,  with  which  this  area  is  directly  con- 
nected, bears  marine  fossils  (shark  teeth  and  Halymenites  mxijor) 
and  a  few  Cretaceous  invertebrates. 

TEBTIABT  (f)  SYSTEM. 

LANCE   FORMATION. 
OENSBAL  CHAKACTBB. 

The  Lance  formation,  so  far  as  observed,  rests  conformably  on  the 
Fox  Hills  sandstone.  Tho  beds  of  both  formations  he  almost  hori- 
zontal and  no  discordance  of  dip  and  strike  is  noticeable.  The 
Lance  consists  of  three  parts:  (1)  A  lower  part  lithologicaUy  and 
faimally  similar  to  the  Lance  in  other  fields  near  by;  (2)  the  Lud- 

1  Calvert,  W.  R.,  op.  cit.,  pp.  189, 194-195. 

<  Hares,  C.  J.,  Lignite  in  southwestern  North  Dakota:  U.  S.  Oeol.  Survey  Bull,  (in  preparation). 
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low  lignitic  member,  0  to  350  feet  thick,  lithologically  and  florally 
similar  to  the  Fort  Union;  and  (3)  the  Cannonball  marine  member, 
0  to  225  feet  thick.  Figure  2  (p.  15)  shows  the  relations  of  these 
divisions  of  the  Lance  to  one  another  and  to  the  Fox  Hills  and  Fort 
Union  formations.  The  three  parts  of  the  formation  are  variable  in 
character,  and  the  change  from  the  prevailing  somber  shale  of  the 
lower  part  to  the  more  yellow  sandstone  or  sandy  shale  of  the  Ludlow 
member  is  well  defined  in  some  parts  of  the  field  and  gradual  in 
others. 

The  lower  part  of  the  Lance  weathers  into  badlands  and  into 
roimded  buttes  and  ridges,  whereas  the  weathering  of  the  Ludlow 
member  produces  flat-topped  buttes  capped  by  sandstone. 

liOWZB  PART  OF  THE  LAVCE  FOBM ATIOV. 

The  lower  part  of  the  Lance  is  the  surface  formation  over  a  very 
large  part  of  the  field.  It  occupies  practically  the  whole  of  Harding 
County  south  and  west  of  the  Slim  Buttes,  Cave  Hills,  and  Table 
Mountain,  with  the  exception  of  the  Short  Pine  Hills  and  the  small 
areas  of  Pierre  shale  and  Fox  Hills  sandstone.  In  Perkins  County  it 
outcrops  m  a  broad  zone  along  the  south  and  east  margins  of  the 
field  and  is  exposed  along  the  valley  of  the  South  Fork  of  Grand 
River. 

The  maximum  thickness  (about  425  feet)  of  the  lower  part  of  the 
Lance  occurs  south  of  the  Slim  Buttes,  in  Tps.  15  and  16  N.,  R.  8  E. 
This  part  of  the  formation  consists  predominantly  of  somber-colored 
sandy  shale,  but  contains  local  lenses  of  fine-grained  gray  and  yellow 
sandstone  and  thin  beds  of  lignite  of  varying  quality.  Iron  carbon- 
ate, which  weathers  to  Umonite,  occurs  in  the  shale  as  concretions 
and  as  thin  lenses.  The  yellow  sandstone  contains  marcasite  concre^ 
tions  and  **log  concretions.'' 

The  upper  limit  of  the  lower  part  of  the  Lance  is  placed  at  the 
horizon  where  the  prevailingly  somber-colored  shale  is  succeeded  by 
the  prevailingly  yellow  sandy  strata.  The  horizon  is  in  many  places 
marked  by  a  bed  of  lignite.  That  part  of  the  formation  lying  below 
the  horizon  as  a  rule  is  nonlignitic  and  all  the  dinosaur  remains  col- 
lected during  the  field  examination  were  found  in  it. 

The  lower  part  of  the  division  as  a  whole  is  barren  of  economically 
important  lignite  beds  and  contains  very  little,  if  any,  rock  suitable 
for  building  stone.  Near  the  top  of  this  division  several  small  and 
for  the  most  part  thin  lenses  of  lignite  were  foimd,  one  of  which  is 
more  than  4  feet  thick  over  a  considerable  area  in  T.  21  N.,  R.  5  E. 

LUDLOW  LZGVITIC  MEMBEB. 

Rocks  assigned  to  the  Ludlow  lignitic  member  of  the  Lance  forma- 
tion occur  in  the  western  part  of  the  field,  as  outhers,  as  a  thin  cov- 
onng  of  the  divides,  and  as  belts  around  the  higher  buttes  and  mesas. 
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In  the  eastern  part  they  underlie  large  areas  along  the  divide  between 
Moreau  River  and  the  South  Fork  of  Grand  River,  and  from  the 
latter  stream  northward  to  the  State  line. 

The  Ludlow  lignitic  member  is  named  from  the  town  of  Ludlow, 
in  Harding  County,  whore  it  is  well  exposed.  Its  thickness  in  this 
part  of  the  field  is  from  300  to  350  feet,  but  it  is  thinner  toward  the 
east  and  has  not  been  recognized  east  of  the  field.  The  Ludlow 
member  is  distinguished  from  the  underlying  Triceratops-bearing  por- 
tion of  the  Lance  by  a  generally  lighter  color  and  a  greater  amount 
of  sandstone  and  lignite.  Lithol6gically  it  is  very  similar  to  the 
Fort  Union  formation,  but  it  is  separated  from  that  formation  through- 
out at  least  a  part  of  the  field  by  the  marine  Cannonball  member. 

The  Ludlow  Ugnitic  member,  in  its  type  locality,  consists  of  inter- 
bedded  light-colored  sandstone  and  shale  of  varying  composition  and 
lignite.  There  are  all  gradations  between  a  true  shale  and  a  quartz 
sandstone.  As  in  the  lower  part  of  the  Lance,  by  far  the  greater 
proportion  of  the  rock  is  loosely  consolidated  and  easily  disinte- 
grated. The  following  stratigraphic  sections  show  the  character  of 
the  Ludlow  member  fairly  well: 

Componte  gectwru  of  part  of  the  Ludlow  lignitic  member  of  the  Larux  formation. 


Sectkm  in  mcs.  12  and  Se.  T.  22  N.,  R.  S  E. 

Top  of  mesa.  Ft.  In. 

Sandstone,  yellowish,  and  shale  (Fort  Union  f onnation) 255  0 

Lignite 8 

Sandstone,  somewhat  shaly. : 45  0 

Shale,  dark 2  0 

Lignite 2  4 

Sandstone,  light  colored,  grayish,  argillaceous 12  0 

Sandstone,  bu£E  with  ferruginous  specks 15  0 

Lignite 2 

Sandstone,  bu£F,  fine  grained,  muscovitic 11  0 

Lignite 3 

Sandstone 8  0 

Lignite 6 

Sandstone,  buff 25  0 

Shale,  bluish 1  0 

Shale,  carbonaceous 10 

Shale,  arenaceous 5  0 

Lignite 1 

Sandstone,  buff,  soft 5  4 

Sandstone 1  0 

Shale,  arenaceous,  with  carbonaceous  streaks 4  0 

Sandstone,  argillaceous 6  0 

Lignite 1  0 

Concealed 22  0 

Sandstone,  drab,  cross-bedded,  ripple-marked 3  0 

Shale,  arenaceous 4  0 

Lignite. 1  5 
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C<mp(mU  tetiions  of  part  of  the  Ludlow  ligmtie  member  of  the  Lanee  formation — Con. 

■  Mcm.  n  and  at,T.  22  N^  B.  5  B.— CootiniMd. 


Ft.  in. 

Shale,  blown 3  0 

Lignite 2  1 

aude,  dark : 5 

Lignite 8 

Shjde 1  3 

Lignite 1  5 

Shale,  brown 4  0 

Lignite 2  3 

191  8 
Sectkm  fai  T.  2t  N.,  B.  9  E. 

Sandstone,  y^ow,  medium  fine  grained,  capping  hills 20  0 

Shale,  brown 3  0 

Lignite 1  0 

Shale,  brown 6 

8and£(tone,  yellow 16  0 

Shale,  brown ., 1  10 

Lignite,  dirty 8 

Shale,  brown 3  0 

Shale,  black 8 

Lignite,  dirty 6 

Shale,  brown 1  6 

Sandstone,  buff  to  fellow 12  0 

Shale,  brown 2  0 

Shale,  black 4 

Lignite 8 

Sandstone  and  shale,  with  lignite  streaks 13  6 

Lignite 8 

Shale 3 

Lignite 3  6 

Shale,  brown,  arenaceous 1  0 

Sandstone.  

82  7 

aMtfM  In  T.  21  Ne,  R.  7  B. 

Top  of  "Two  Tops." 

Sandstone  and  shale  (Fort  Union  formation) 138  0 

Shale,  chocolate^rolored 2  0 

Sandstone,  buff  and  yellow,  fine  grained,  alternating  with  buff 

shale 9  0 

Shale,  chocolate-colored 3  4 

Lignite 1  0 

Shale,  buff  and  yeUow  sandstone,  alternating 16  0 

Shale,  chocolate-colored 3  0 

Sandstone,  brown,  fine  grained 2  6 

Shale 10  0 

Lignite,  Giannonatti  bed 11  8 

Sandstone,  light,  aigiUaceous 16  4 

Shale,  brown 3  0 

Lignite... 4  2 
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Composite  »ecUon»  of  part  of  the  Ludlaw  lignUic  member  of  the  Lance  forTnation—Com^ 

SectioB  la  T.  21 N..  R.  7  E.— Oontiiiaed. 

Pt.      In. 

Shale 13  0 

Lignite , 3  8 

Shale  and  sandstone : 15  0 

Lignite 3  4 

Shale,  carbonaceous 6 

Shale.  

117  6 

Sectioa  in  Mc  S«.  T.  21  N.,  R.  S  E. 


Sandstone,  light  buff,  fine  grained 16      0 

Lignite 

Shale 

Lignite 


Shale,  brown 
Lignite 


f 

: 


3    10 
2 


^Giannonatti  bed <     5  4 

3 
6 

Shale,  brown. 10  0 

Lignite 10 

Sandstone  ?,  mostly  concealed 42  0 

Shale 15  0 

Lignite,  Widow  Clark  bed 4  1 

Shale,  brown G  0 

Sandstone  and  shale 25  0 

Lignite 1  0 

Shale 5  0 

Lignite,  dirty 2  6 


138      6 

lignite  beds  occur  throughout  the  Ludlow  member,  but  few  of 
them  are  persistent  for  more  than  a  few  miles  along  their  outcrop. 
Locally  they  attain  considerable  thickness  and  have  been  worked  to 
supply  a  large  part  of  the  fuel  for  the  inhabitants  of  the  region.  A 
very  large  proportion  of  the  lignite  in  the  South  Dakota  field  occurs 
in  the  Ludlow  member.  The  thickest  and  most  extensive  beds  or 
groups  of  beds  is  the  T  Cross,  which  occurs  near  the  top  of  the 
member,  and  the  Widow  Clark. 

In  the  northeastern  part  of  Harding  County  many  stone  houses 
are  built  of  thin,  flaggy  sandstone  from  the  Ludlow  lignitic  member 
of  the  Lance  formation. 

CAHNOHBALL  MABHTS  MEMBER.i 

The  Cannonball  marine  member  of  the  Lance  formation  comprises 
the  sediments  deposited  in  the  sea  which  extended  over  a  portion  of 
North  and  South  Dakota  after  the  deposition  of  the  underlying  sedi- 
ments of  continental  origin.  The  type  locality  for  this  member  is  on 
Cannonball  River  in  Morton  County,  N.  Dak.,  where  from  300  to  350 
feet  of  marine  beds  are  exposed.     In  South  Dakota  the  marine 

1  Lloyd,  E.  R.,  and  Hares,  C.  J.,  The  Cannonball  marine  member  of  the  Lance  formation  in  North  and 
South  Dakota  and  its  bearing  on  the  Lance- Laramie  problem:  Jour.  Geology,  vol.  23,  pp.  523-547, 1915. 
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member  has  been  recognized  in  a  comparatively  narrow  zone  sur- 
rounding the  areas  of  Fort  Union  rocks  in  northern  Perkins  County 
and  in  northeastern  Harding  County.  The  geographic  distribution 
of  the  member  is  not  definitely  known,  for  the  reason  that  it  is 
defined  almost  wholly  by  its  contained  fossil  faima  and  the  fossils 
were  found  only  near  the  end  of  the  work  in  the  general  region  of 
northwestern  South  Dakota  and  the  hnxits  of  the  member  had  not 
previously  been  mapped.  The  hmits  as  shown  on  Plates  I  and  II 
(in  pocket)  were  drawn  from  the  knowp  position  of  lignite  beds  and 
from  the  topography  and  are  only  approximate.  This  member  be- 
comes gradually  thinner  toward  the  west  and  has  not  been  recognized 
west  of  R.  9  E.  The  presence  of  a  brackish-water  fauna  at  about 
the  same  stratigraphic  horizon  on  Little  Missouri  River  near  Yule, 
X.  Dak.,  however,  suggests  that  the  marine  sediments  extend  farther 
west  in  North  Dakota  than  in  this  field. 

The  only  place  in  northwestern  South  Dakota  where  the  Cannon- 
ball  member  was  examined  in  detail  is  near  Bloom  post  office,  in 
T.  23  N.,  R.  9  E.  The  following  section  shows  the  character  of  the 
member  and  associated  beds  at  this  place: 

Generalized  section  in  vicinity  of  Bloom,  8,  Dak.,  T.2SN.,R.9E. 

Top.                                                                                                              Ft.  In 
9.  Sandstone,  brown  and  yellow,  fine  grained,  thin  bedded,  inter- 
bedded  with  lenses  of  compact  blui^-gray  limestone 30  0 

8.  Sandstone,  dark  gray,  calcareous,  marine  (fossil  collections  Nos.  43 

and  44) 10  0 

7.  Shale , 1  0 

6.          Lignite '. 2  0 

5.  Shale  and  sandstone  interbedded;  sandstone  in  lower  part  light 
brown,  medium  fine  grained,  micaceous,  marine  (fossil  collection 

No.  45) 40  0 

4.          Lignite 1  0 

3.  Shale 4  0 

2.          Lignite ,    2  3 

1.  Shale.  

River.                                                                                                         90  3 

The  beds  numbered  5,  8,  and  probably  9  of  the  above  section 
belong  to  the  Cannonball  member.  In  addition  to  the  collections  of 
marine  fossils  mentioned  in  the  section,  a  few  more  were  obtained  in 
northern  Perkins  County  from  the  residual  bowlders  of  thin  but 
persistent  beds  of  concretionary  limestone. 

rossiLs. 

During  the  two  field  seasons  several  small  collections  of  fossils 
were  made  in  different  parts  of  the  field  and  at  different  horizons. 
The  plant  remains  have  been  studied  by  F.  H.  Khowlton,  the  inver- 
tebrates by  T,  W.  Stanton,  and  the  vertebrates  by  J.  W.  Gidley. 
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The  following  lists  show  the  localities  at  which  the  collections  were 
made  and  the  fossils  identified  from  each  collection: 

Fossils  collected  from  the  lower  pccrt  of  the  Lance  formation. 


F  23.1  NE.  i  sec.  3,  T.  19  N.,  R.  7  E. 

Garpites  sp. 

Sequoia  nordenfikioldi  (?)  Heer. 

Nelumbo  n.  sp. 
F  24.  NW.  i  sec.  3,  T.  19  N.,  R.  7  E. 

Sequoia  nordenskioldi  Heer. 

SapinduB  affinis  Newberry. 
F  6.  SW.  i  SE.  J  sec.  33,  T.  22  N.,  R.  3  E. 

Picus  ungeri?  Heer. 
F  55.  Sec.  17,  T.  21  N.,  R.  16  E. 

Populus  cuneata  Newberry. 

Populus  amblyrhyncha  Ward. 

Oelastrus  ptero6i)eniioides  Ward. 
F  47.  Sec.  7,  T.  17  N.,  R.  11  E.  (from 
roof  of  Phillips  Ugnite  mine). 

Grewia  celastroides  Ward. 

Oelastrus  pterospermoides  Ward. 

Steins,  etc. 
F  16.  NW.  }  sec.  2,  T.  18  N.,  R.  5  E. 

Triceratops,  fragment  of  skull. 

Trachodon. 
F  11.  NE.  J  sec.  2,  T.  19  N.,  R.  4  E. 

Trachodon,  caudal  and  foot  bone, 
vertebrae. 

Aspideretes,  costal  bone. 

Champsosaiunis,  vertebree. 

Gompsemys? 

Basilemys? 
F.  10.  Center  of  sec.  20,  T.  17  N.,  R.  4  E. 

Aspideretes. 

Champsosaurus. 


F  7.  SW.  i  sec.  26,  T.  17  N.,  R.  3  E. 

Champsosaurus. 

Leidyosuchus. 

Triceratops. 

Trachodon. 

Compsemys. 

Aspideretes. 
F  8.  Center  of  sec.  36,  T.  17  N.,  R.  3  E. 

Champsosaurus. 

Leidyosuchus. 

Aspideretes. 

Compsemys. 

Basilemys. 

Trachodon. 

Ceratopsian. 

Ixjpisosteus. 

Triceratops. 
F  9.  NE.  i  NW.  i  sec.  23,  T.  16  N.,R.  3  E, 

Aspideretes. 

Champsosaurus. 

Trachodon. 
F  38.  NW.  }  sec.  8,  T.  15  N.,  R.  9  E. 

Aspideretes. 
F  54.  Sec.  13,  T.  20  N.,  R.  16  E. 

Champsosaurus. 

Omithomimus. 
F  5.  SW. }  NE. }  S9C.  30,  T.  23  N.,  R.  2  E. 

Omithomimus. 

Trachodon. 

Champsosaurus . 

Aspideretes. 


Fossils  collected  from  the  Ludlow  lignitic  member  of  the  Lance  formatian. 


F  28.  Sac.  32,  T.  18  N.,  R.  8  E.  (from 
soft  shaly  sandstone  above  a  lignite  bed 
and  about  225  feet  above  the  base  of  the 
Ludlow  member). 

Taxodium  occidentale  Newberry. 

Ginkgo  adiantoidos?  Heer. 

Sapindus  affinis?  Newberry. 

Fragmentary  leaf. 
F  40.  Sec.  24,  T.  17  N.,  R.  9  E.  (from 
yellow  friable  sandstone  above  a  lignite 
bed  near  the  head  of  Wolf  Draw,  about 
90  feet  above  the  base  of  the  Ludlow 
member). 

Platanus  haydenii  Newberry. 

Populus  amblyrhyncha  Ward. 

Populus  daphnogcnoides  Ward. 

Viburnum  sp. 


F  50.  Sec.  29,  T.  17  N.,  R.  13  E.  (from 
baked  shale  above  lignite  bed  which 
occurs  at  baae  of  Ludlow  member). 

Carpitessp. 

Sapindus  affinis?  Newberr>'. 

Fern,  fragmentary. 

Corylus  sp. 

Celastrussp.? 

Cocculus  haydenianus  Ward. 
F  51.  Sec.  17,  T.  17  N.,  R.  13  E.  (from 
shale  above  lignite  at  Sexton  mine). 

Onoclea  sensi bills  Linn6. 

Cocculus  haydenianus  Ward. 

Sapindus  cf.  S.  affinis  Newberry. 

Sapindus  grandifoliolus  Ward. 

Conifer,  Taxodium  ?  sp. 


1  Numbers  refer  to  location  numbers  on  maps. 
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FouiU  collected  from  the  Ludlow  lignitic  member  of  the  Lance  formiotum — Continued. 


F18.  NE.  i  SW.  i  sec.  12,  T.  17  N.,  R. 
7E. 

Sequoia  nordenaldoldi  Heer. 

Thuya  interrupta  Linn6. 

Cocculus  haydenianus  Ward. 

Vibumuni  sp. 

Populun  cuneata  Newberry. 

Pqpulus. 

CelastniB  pteroepermoidea  Ward. 
F 19.  Center  of  sec.  1,  T.  17  N.,  R.  7  E. 

Tliuya  inteiTupta  Newberry. 
F20.  NE.iSE.  j8ec.36,T.18N.,R.7E. 

Thuya  interrupta  Newbeny. 

Onoclea  Benmbilis  Linn6. 

Yibumum  cL  V.  elongatum  Ward. 

Leguminosites   arachioides   Leaque- 
leux. 


F  22.  SW.  }  8W.  }  aec.  24,  T.  19  N.,  R. 
7E. 
Sequoia  nordenakioldi  Heer. 
Sapindus  graudifoliolus  Ward. 
Celastnis  pterosparmoides  Ward. 
Celafitrus  curvinervis  Ward. 
F  14.  SE.  i  SE.  i  sec.  5,  T.  20  N.,  R.  6  E. 
Sequoia  nordenakioldi  Heer. 
Sapindus  ap. 
F  46.  NW.  J  SE.  }  sec.  32,  T.  21  N.,  R. 
10  E. 
Taxodium  occidentalis  Newbeny  ? 
Fragments  of  plant  stems. 
F  12.  Center  of  sec.  7,  T.  22  N.,  R.  4  E. 
Centrum  of  vertebra  and  other  frag- 
ments of  a  crocodile  of  Tertiary 
aspect.    Not  determinable. 


FouUs  eoUeetedfrom  the  Cannonball  marine  member  of  the  Lance  formation. 


P41.  SE.  J  sec.  14,  T.  21  N.,  R.  0  W. 
Ostrea  glabra  M.  and  H. 

P43.  Sec.  36,  T.  23  N.,  R.  9  W. 

Fossil  wood  full  of  burrows  of  Teredo- 
like sheU. 

P44.  Sec.  24,T.23N.,R.9W.,aquarter 
of  a  mile  from  Bloom,  on  the 
south  bank  of  the  North  Fork  of 
Grand  River. 

Nucula  sp. 

CaUista  deweyi  M.  and  H. 

Pholoflsp. 

Corbula  sp. 

Anchura  americana  E.  and  S. 

P  56.  SW.  }  sec.  11,  T.  21 N.,  R.  14  E.,  on 
North  Fork  of  Grand  River,  10 
miles  south  of  White  Buttes, 
S.  Dak. 

Small  specimens  of  Nucula,  Cronella, 
and  other  small  marine  polccy- 
pods. 

P57.  SW.  }  sec.  2,  T.  22  N.,  R.  12  E. 
Anchura  americana  (E.  and  S.). 


F  68.  West  quarter  comer  of  sec.  11,  T.  22 

N.,  R.  15  E.,  7  miles  southwest 

of  I/emmon,  S.  Dak. 
Nucula  planlmaiginata  M.  and  II . 
Thracia  aff.  I.  subgraoilis  Whitfield. 
Lunatiasp. 

Anchura  americana  (E.  and  S.). 
F  59.  East  side  of  see.  7,  T.  22  N.,  R.  17 

E.,  8  miles  southeast  of  Lemmon, 

S.  Dak. 
Nucula  planimarginata  M.  and  H. 
Leda  scitula  M.  and  H.? 
Veniella?  sp. 
Tellina?  sp. 
Corbula?  ap. 
Thracia?  sp. 

Anchura  americana  (E.  and  S.). 
Fasciolaria   (Piostocheilus)    culbert- 

Boni  M.  and  H.  var. 
Cylichna?  sp. 
F  60.  SW.  J  aec.  34,  T.  23  N.,  R.  17  E.,  9 

milea  east  of  I>emmon,  S.  Dak. 
Nucula  planimarginata  M.  and  H. 
Anchura  americana  E.  and  S. 
Turris  aff.  T.  contortus  M.  and  H. 
Fragment  of  crustacean  claw. 


The  evidence  of  the  fauna  and  flora  listed  above  is  somewhat  at 
variance.  The  flora  throughout,  according  to  Knowlton,  is  Tertiary 
in  aspect  and  is  so  much  like  that  of  the  succeeding  Fort  Union 
fonnation  that  at  present  it  is  impossible  to  separate  the  two  fonna- 
tions  on  the  bcisis  of  fossil  leaves.  Certain  species,  however,  have 
been  foimd  only  in  the  Lance  formation.     The  flora  is  distinct  from 
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that   found    in    rocks  of  recognized  Cretaceous  age  of  the  Rocky 
Mountain  region,  although  there  are  many  forms  in  common. 

Some  of  the  fresh-water  invertebrates  found  in  adjacent  areas  * 
are  hot  distinguishable  from  those  found  in  the  overlying  Fort  Union, 
and  the  fresh-water  fauna  is  therefore  of  little  value  in  determining 
the  age  of  the  Lance.  -The  marine  invertebrate  fauna,  which  is 
confined  to  the  Cannonball  member,  is  very  similar  to  but  not  identical 
with  the  fauna  of  the  Fox  Hills  sandstone,  of  recognized  Cretaceous 
age.  This  fauna  is  so  like  that  of  the  Fox  Hilb  that  the  open  sea 
in  which  the  Fox  Hills  sediments  were  deposited  must  have  persisted 
in  no  very  remote  area  throughout  the  time  when  the  lower  part  of 
the  Lance  was  being  laid  down  in  fresh  water.  No  marine  inverte- 
brate fossils  have  been  found  in  the  Fort  Union  or  later  formations  in 
this  part  of  the  United  States,  and  the  value  of  this  fauna  in  deter- 
mining the  Cretaceous  age  of  the  Lance  is  doubted  by  many  geologists. 

The  roptihan  remains,  which  were  collected  almost  wholly  from 
the  lower  part  of  the  formation,  are  forms  that  are  common  to  the 
Lance  of  other  areas.  The  chief  diagnostic  fossil,  Triceratops,  is 
pr^enl  in  this  field,  and  representatives  of  the  family  Ceratopsidse, 
to  which  it  belongs,  have  been  found  in  rocks  varying  in  age  from 
about  the  middle  of  the  Upper  Cretaceous  to  the  end  of  the  Lance 
epoch,  but  not  in  strata  of  later  age. 

It  is  also  impossible  to  settle  the  question  as  to  the  Tertiary  or  Cre- 
taceous age  of  the  Lance  on  the  basis  of  evidence  of  diastrophism. 
Some  evidence  of  imconformity  at  the  base  of  the  Jjance  has  been 
observed  at  a  number  of  places  in  the  Dakotas  and  in  eastern  Mon- 
tana, but  the  writers  do  not  believe  that  these  unconformities  indi- 
cate a  marked  break  in  sedimentation. 

On  careful  consideration  of  aU  the  evidence  available  at  the  present 
time  the  United  States  Geological  Survey  has  decided  to  consider 
the  Lance  as  of  Tertiary  ( ?)  age.^ 

TEBTIABY  SYSTEM. 
FORT  UNION  FORMATION    (EOCENE). 

Rocks  of  Fort  Union  age  are  found  mainly  north  of  Big  Nasty 
Creek  and  the  South  Fork  of  Grand  River,  in  the  northern  three  tiers 
of  townships  extending  from  the  northeast  corner  of  the  field  to 
Table  Mountain.  Remnants  of  the  formation*  caps  Table  Mountain, 
the  Cave  Hills,  Eagles  Nest,  and  Two  Tops  Butte  and  cover  other 
isolated  areas. 

1  Hares,  C.  J.,  Lignite  In  soathwestem  North  Dakota:  U.  8.  Geol.  Survey  Bull,  (in  preparation). 

>  The  writers,  however,  are  divided  in  their  opinions.  Hares  and  Lloyd  are  convinced  that  the  Lance 
is  of  Cretaceous  age ;  Winchester  is  equally  convinced  that  it  Is  of  Tertiary  age.  Winchester  is  of  the  opinion 
that  the  fossil  flora  presents  the  most  complete  and  therefore  most  reliable  evidence,  inasmuch  as  leaves 
are  found  in  Cretaceous  as  well  as  Tertiary  rocks,  and  there  is  a  marked  difference  between  the  flora  of 
the  Lance  and  Fort  Union  and  that  of  recognized  Cretaceous  formations.  Hares  and  Lloyd,  on  the  con- 
trary, are  of  the  opinion  that  greater  weight  should  be  given  to  the  evidence  furnished  by  the  marine  fauna 
and  the  land  vertebrates. 
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The  Fort  Union  fonnation,  which  overlieB*the  Lance,  is  about  300 
feet  thick,  as  determined  in  the  southeastern  part  of  T.  22  N.,  R.  8  E., 
where  the  highest  Fort  Union  sediments  in  the  field  cap  the  Jjodge- 
pole  Buttes.  This,  however,  is  probably  only  a  small  part  of  the 
original  thickness  of  the  formation,  which  at  one  time  probably  ex- 
tended over  the  entire  region. . 

The  rocks,  which  vary  in  color  from  light  gray,  tan,  and  bufi  to 
brown,  are  chiefly  arenaceous  in  composition.  They  are  in  places 
argillaceous  or  carbonaceous  and  here  and  there  highly  calcareous. 
Nearly  all  the  sediments  are  partly  cemented  by  calciiun  carbonate 
and  ^ervesce  freely  with  weak  hydrochloric  acid.  They  are  for  the 
most  part  very  fine  grained  and  evenly  thin  bedded,  though  in  places 
rather  massive. 

The  basal  sandstone  of  the  Fort  Union  caps  the  Cave  Hills,  Eagles 
Nest,  in  T.  23  N.,  R.  5  E.,  and  Table  Moimtain,  the  culminating  pouit 
on  the  divide  between  the  North  and  South  forks  of  Grand  River  and 
little  Missouri  River.    To  the  east  it  loses  its  massive  character 
and  seem  not  to  be  present  in  the  Tepee  Buttes  or  in  the  butte  north- 
west of  Ludlow.    The  sandstone  in  places  resists  erosion  to  a  marked 
extent  and  stands  out  in  vertical  walls,  to  which  is  due  the  mesa-like 
character  of  the  Cave  HiUs  and  Table  Mountain.    It  is  character- 
istically pitted  with  cavities  ranging  from  half  an  inch  to  a  foot  or 
more  in  diameter,  which  are  formed  largely  by  the  wind  acting  on 
unequally  indmrated  rock.    Here  and  there  water  and  wind  have 
carved  large  cavities  along  joint  planes.   One  of  these  is  locally  known 
as  Ludlow's  cave.    Other  smaller  caves  have  served  as  graves  for  the 
Indians.    On  Eagles  Nest  the  sandstone  is  somewhat  cross-bedded 
and  conglomeratic.    The  pebbles  range  from  1  inch  to  10  inches  in 
diameter,  and  some  of  them  are  slightly  angular.    Pine  trees  show  a 
preference  for  the  loose,  sandy  soil  derived  from  these  rocks,  and 
the  limits  of  the  sandstone  in  the  Cave  Hills  are  virtually  the  limits 
of  the  forests. 

The  two  distinct  cliffs  of  the  North  Cave  HiUs  are  formed  by  two 
phases  of  sandstone  belonging  to  the  Fort  Union  formation.  The 
lower  sandstone,  75  to  100  feet  thick,  is  yellow  to  brown  in  color, 
coarse  to  fine  grained  in  texture,  and  massive  in  appearance  and  is 
composed  chiefly  of  subangular  quartz  grains  and  accessory  mica. 
It  is  weakly  cemented  by  lime  and  in  places  is  notably  cross-bedded. 
Overlying  the  lower  sandstone  in  the  southern  portion  of  the  North 
Cave  Hills  is  about  20  feet  of  light-colored  or  whitish  argillaceous 
sandstone,  separating  it  from  the  succeeding  reddish  sandstones.  In 
sec.  27,  T.  22  N.,  R.  6  E.,  a  thin  bed  of  lignite  occurs  in  this  interval. 
The  upper  sandstone  is  conspicuously  cross-bedded,  the  cross-beds 
being  from  1  to  8  inches  thick  and  in  places  30  feet  long.  The  upper 
sandstone  seems  to  be  free  from  lime,  and  its  coloring  is  due  chiefly 
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to  iron  oxide.  It  is  a  soft  coarse-grained,  somewhat  massive  rock, 
composed  mostly  of  rounded  grains  of  quartz  and  small  flakes  of  mnsr- 
covite.  It  is  about  135  feet  thick.  A  bed  of  conglomerate,  composed 
of  fragments  of  soft  reddish  sandstones,  occurs  near  the  top.  At 
several  places  in  the  Cave  Hills  the  reddish  sandstone  is  succeeded 
by  a  bed  of  quartzite.  The  following  detailed  section  was  measured 
in  sec.  31,  T.  22  N.,  R.  6E.: 

Stctvm  of  part  of  the  Fort  Union  formation  in  the  SW,  }  sec.  31,  T.  tt  N.,  R.  6  E. 

Feet. 

Sandstone,  pitted 5 

Sandstone,  white,  argillaceous,  grading  into  sandstone,  white,  fine 

grained,  and  soft 91 

Sandstone 11 

Sandstone,  yellow,  very  fine  grained,  with  white  sandstone  concre- 
tions    70 

Sandstone,  white,  rounded  fine  quartz  grains;  soft 32 

Shale,  Ludlow  lignitic  member  of  the  Lance  formation.  

209 

The  Fort  Union  formation  in  the  region  about  the  Lodgepole  Buttes 
and  farther  east  rests  on  the  Cannonball  marine  member  of  the  Lance 
formation  and  consists  of  less  massive  beds  than  in  the  Cave  Hills, 
being  composed  of  fissile  calcareous  and  arenaceous  rocks.  The 
sandstone  is  made  up  of  fine  quartz  fragments  cemented  by  calcium 
carbonate  and  is  light  brown,  tan,  and  buff  in  color.  In  places  it  is 
ripple  marked  and  somewhat  cross-bedded.  The  indurated  sand- 
stones and  limestones  are  interbedded  with  more  or  less  unconsolidated 
sandy  and  clayey  beds  and  lignite. 

The  indurated  beds  of  sandstone  and  limestone  protect  the  tinder- 
lying  strata  from  rapid  erosion  and  give  rise  to  the  angular  shoulder 
on  the  outer  edge  of  the  plateau,  which  surrounds  the  Lodgepole 
Buttes  and  extends  eastward  to  the  vicinity  of  Lemmon. 

The  following  are  detailed  sections  of  parts  of  the  Fort  Union  forma- 
tion south  of  the  Lodgepole  Buttes,  at  Anarchist  Butte,  and  near 
Lodgepole  post  office: 

Sections  of  parts  of  the  Fort  Union  formation, 

T.  22  N.,  R.  12  E..  near  Lodgepole  poet  ofllee. 

Ft.    in. 

Sandstone,  loosely  cemented 50  0 

Shale,  bluish  gray 10  0 

Lignite 1  6 

Shale - 3  0 

lignite 6 

Sandstone,  unconsolidated,  gray 8  0 

Shale 7  0 

Lignite 5  0 

Sandstone 20  0 

Interval  to  base  of  Fort  Union 120± 

225=b 
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8M.at.T.22N^B.8E. 

Ft  Jn. 

Sandstone,  gray  to  yellow,  friable,  with  indurated  concretions. .  10  0 
Sbale,  grayish,  weathers  yellow;  slightly  sandy;  thin  limonite 

layeiB;  mica  flakes 22  0 

Shale,  brown 10 

Shale,  gray  to  brownish 4  0 

Shale,  brown 1  0 

Shale,  grayish;  weathers  yeUow;  slightly  sandy;  thin  limonite 

layers;  mica  flakes 6  6 

Shale,  brown  to  black,  carbonaceous 2  0 

Shale,  grayish,  slightly  sandy;  thin  limonite  layers;  mica  flakes.  10  9 

Shale,  brown  and  gray 3  0 

Sandstone,  brown,  very  fine  grained,  containing  clay,  with  some 

carbonaceous  matter,  rather  hard 6 

Shale,  gray  to  brown 5  6 

Shale,  brown,  very  sandy,  containing  chaicoal 2  0 

Shale,  gray,  laminated,  sandy,  partly  carbonaceous 8  0 

Shale,  brown  to  dark,  fissile 2  4 

Shale,  gray  to  yellowish.. 5  0 

Shale,  brown  to  black,  fissile 2  0 

Shale,  gray  to  yellowish,  with  thin  streaks  of  limonite;  thinly 

laminated,  grading  into  underlying  shale 8  6 

Shale,black,  brittle,  fissile,  carbonaceous 1  4 

lion,  probably  bog  iron,  containing  wood 6 

Lignite,  dirty 4 

Sandstone,  brown,  bituminous 2+ 

Bottom  of  slope  so  covered  with  grass  that  it  is  impossible  to  de- 

tennine  country  rock.  

98  1+ 

AnareUst  Butte,  In  am.  S4,  T.  22  N.»  R.  9  E. 

Sandstone,  brown,  coarse,  forming  cap  of  hill 61  6 

Shale,  chocolate-colored,  with  coal  smut 1  0 

Sandstone,  orange  to  cream-colored,  fine  grained,  with  some 

limonite  crusts 20  0 

Sandstone,  yellow  to  buff,  fine  gndned,  with  many  limonite 

layers  4  or  5  inches  in  thickness;  8  feet  above  base  is  a  more 

resistant  layer,  which  forms  a  shelf  in  many  places 18  0 

Shale,  chocolate-colored,  with  some  Ugnite 1  6 

Clay,  drab *. , 4  0 

Quartzite;  under  surface  of  layer  rather  stalactitic 1  6 

Clay,  lilac-colored 3  0 

Shale,  black,  fissile 1  0 

Shale,  chocolate-colored,  fissile 20  0 

Lignite,  weathered 1  0 

Shale,  chocolate-colored 5  0 

Lignite,  weathered 2  0 

Shale,  chocolate-colored 6 

Sandstone,  yellow,  

130  0 
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The  rocks  represented  in  the  interval  between  the  resistant  sand- 
stone and  limestone  of  the  lower  part  of  the  Fort  Union  and  the 
massive  sandstone  which  caps  the  Lodgepole  Buttes  are  shaly  and 
carbonaceous,  indicating  the  return  to  swampy  conditions  similar  to 
those  of  the  Lance  epoch.  The  beds  in  this  interval  are  shown  in  the 
last  two  sections  given  above  and  are  succeeded  by  a  sandstone  lens 
which  is  represented  in  the  section  at  Anarchist  Butte  by  the  upper 
four  beds.  This  sandstone  is  very  much  like  the  upper  sandstone  on 
the  Cave  Hills.  It  is  brownish  yellow  in  color  and  massive  in  appear- 
ance and  resists  weathering  to  such  an  extent  as  to  form  an  impassable 
vertical  clifiF  almost  continuously  around  the  Lodgpole  Buttes.  It 
caps  Anarchist  Butte  and  the  buttes  in  Tps.  21  and  22  N.,  R.  12  £. 
Its  greatest  thickness  is  probably  about  100  feet. 

A  peculiar  quartzitic  rock  occurs  at  Anarchist  Butte  and  has  been 
traced  for  many  miles  in  this  field  as  well  as  in  southwestern  North 
Dakota.  It  is  found  in  place  on  the  top  of  the  Cave  Hills,  in  Lodge- 
pole  and  Anarchist  buttes  and  several  small  buttes  in  T.  22  N.,  R.  6  E., 
northwest  of  Ludlow  post  office,  and  in  numerous  buttes  and  ridges 
in  Perkins  County.  The  rock  on  fresh  exposure  is  of  a  grayish-white 
to  bluish-gray  color  and  is  very  soft,  but  on  weathering  it  becomes 
well  indurated  and  in  many  places  highly  polished  by  wind  action. 
It  is  composed  largely  of  fine  subangular  grains  of  quartz.  The  rock 
in  places  is  perforated  with  impressions  of  roots  and  stems,  but  noth- 
ing identifiable  was  found. 

Bowlders  of  quartzite  very  similar  to  those  known  to  be  derived 
from  the  Fort  Union  formation  and  containing  impressions  of  stems 
and  roots  are  scattered  over  the  surface  of  much  of  this  field.  Two 
localities  are  worthy  of  mention.  One  is  about  2  miles  east  of  Strool, 
where  a  ridge  about  half  a  mile  long  and  a  quarter  of  a  mile  wide  is 
formed  by  angular  bowlders  as  much  as  6  feet  in  diameter,  which 
rest  on  beds  near  the  middle  of  the  Lance  formation.  The  other 
locality  is  south  of  the  Slim  Buttes,  along  Moreau  River,  where 
quartzite  bowlders  as  much  as  2  feet  in  diameter  cover  the  surface 
over  an  area  of  several  hundred  yards  and  rest  on  beds  very  near  the 
base  of  the  Lance  formation.  The  occurrence  of  angular  bowlders 
4  to  6  feet  in  diameter  in  large  nimibers  and  at  various  altitudes 
suggest  that  quartzite  probably  occurs  at  other  horizons  than  those  in 
the  Fort  Union,  and,  in  fact,  Todd,*  in  discussing  the  quartzite,  assigns 
it  to  the  White  River  formation  and  gives  a  section  at  the  south  end 
of  the  Slim  Buttes,  including  "buhrstone"  1  foot  thick,  from  which,  he 
suggests,  the  quartzite  bowlders  may  have  originated.  Darton '  has 
noted  quartzite,  somewhat  similar  to  that  described  above,  in  the 

1  Todd,  J.  E.,  Geology  of  South  Dakota:  South  Dakota  Geol.  Survey  BuU.  2,  pp.  6(H}1, 18B8. 
*  Dartc^n,  N.  H.,  personal  comimmicatlon. 
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Fox  Hills  sandstone  in  Castle  Rock,  a  few  miles  to  the  south  of  this 
field.  It  would  seem,  therefore,  that  the  conditions  favorable  to  the 
formation  of  a  quartzite  existed  not  only  in  Fort  Union  time  but  also 
during  the  earlier  epochs  and  possibly  during  White  River  time. 

In  the  part  of  the  Fort  Union  formation  which  is  exposed  in  South 
Dakota  there  is  only  one  valuable  bed  of  Ugnite,  and  that  underlies 
the  high  ridges  north  and  south  of  Lodgepole,  where  it  reaches 
locally  a  thickness  of  more  than  8  feet.  The  same  bed  underUes  a 
number  of  smaller  buttes  in  adjoining  townships,  but  it  is  much  thin- 
ner toward  the  west. 

The  line  of  separation  of  the  Lance  from  the  ^ort  Union  is  placed 
in  the  eastern  part  of  the  field  at  the  top  of  the  beds  known  to  be  of 
marine  origin,  and  in  the  vicinity  of  the  Cave  Hills  and  Table  Moim- 
tain  at  the  base  of  the  lowest  massive  sandstone.  It  is  approximately 
the  line  as  mapped  by  Hares  *  during  the  sunmiers  of  1911  and  1912, 
in  Bowman  and  Billings  coimties,  N.  Dak,  and  by  Uoyd  in  1912,*  in 
Adams  and  Morton  counties,  N.  Dak. 

If  there  is  any  unconformity  between  the  Lance  and  Fort  Union 
in  this  field  it  is  concealed.  Both  formations  he  so  nearly  horizontal 
that  it  is  impossible  to  detect  any  difference  in  the  dip  and  strike. 

The  only  fossils  collected  from  the  Fort  Union  were  leaves.  These 
were  identified  by  F,  H.  Knowlton,  as  follows: 

F  42  (6384).  Sec.  34,  T.  22  N.,  K.  9  E., 
at  AnarchiBt  Butte: 
Populus  cuneata  Newberry. 
Garpites  sp. 

FicuB  apectabilis?  Lesquereux. 
One   or  two   dicotyledons  without 


margin. 

Leguminoeites   aiiichioides   Lesque- 
reux. 

SapinduB  grandifoliolus  Ward. 

Populus  genatrix?  Newberry. 


F  49  (6373).  SE.  i  NE.  J  sec.  4,  T.  21  N., 
R.  12E.: 

Populus  cuneata  Newberry. 

Populus  amblyrhyncha  Ward. 

Platanus  sp. 

Ficus?  sp. 

F48  (6372).  NW.  J  sec.  3,  T.  21  N.,  R. 
12  E.: 

Platanus  haydenii  Newberry. 

Populus  amblyrhyncha  Ward. 

Populus  cuneata  Newberry. 


LATER  TERTIARY  FORMATIONS. 

light-colored  clay,  marl,  sandstone,  and  conglomerate  are  exposed 
ill  the  Slim  Buttes,  Short  Pine  Hills,  and  numerous  other  isolated 
hills  of  northwestern  South  Dakota.  (See  PI.  IV.)  The  lower  beds 
are  referred  to  the  White  River  formation  on  the  basis  of  the  fossils 
which  they  contain.  The  upper  beds  in  the  larger  areas  have  been 
called  Arikaree  ( ?)  by  Darton,'  and  as  there  is  no  evidence  to  the 
contrary  the  same  nomenclature  is  used  in  this  report. 

^  Haras,  C.  J.,  Lignite  in  southwestern  North  Dakota:  U.  8.  Qeol.  Survey  Bull.  (In  preparation). 

*  Lloyd,  £.  B.,  The  Cannonball  River  lignite  field,  North  Dakota:  U.  S.  Qeol.  Survey  Bull.  541,  pp. 
2Sa-251,pl.  13, 1914. 

'  Darton,  N.  H.,  Geology  and  underground  waters  of  South  Dakota:  U.  S.  Geol.  Survey  Water-Supply 
I*»P«r227,p.31,1909. 
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WKXTS  BZVXR  FOBMATZOV  (OLXOOOXn). 

The  cross-bedded  White  River  formation,  in  some  places,  appears 
to  be  tnmcated  and  overlain  by  a  heavy-bedded  sandstone.  Because 
of  the  distinct  lithologic  character  of  the  beds  above  and  below,  the 
later  Tertiary  rocks  are  separated  into  two  formations  along  this  con- 
tact, the  lower  part  being  referred  to  the  White  River  formation  and  the 
upper  part  to  the  Arikaree  (?).  The  White  River  formation,  as  thus 
identified,  is  about  160  feot  thick.  It  consists  of  light-colored  banded 
clay  and  sandstone,  white  grit,  and  marl  and  contains  many  lenses 
of  concretionary  siUceoiis  material.  The  two  sections  of  the  White 
River  formation  given  below  show  the  character  of  the  formation  as 
exposed  in  this  field. 

Sections  of  White  River  formation, 

sum  Battes,  in  aec  1,  T.  17  N.,  B.  7  E. 

Feet. 

Clay,  flesh-colored,  plastic  when  wet 12 

Sandstone,   coarse  to  extremely  coarse,   calcareous  grit;  contains 

much  quartz,  many  fresh  feldspar  crystals,  some  clay  pebbles 62 

Clay,  sandy,  banded ;  contains  limonite  concretions 66 

140 

Em*  ShoH  PfaM  HBIs,  in  aec  Se»  T.  17  N..  B.  S  W. 


Clay,  flesh-colored,  calcareous;  contains  seams  of  chalcedony  as 
much  as  three-fourths  of  an  inch  thick,  and  thick  plates  and  irregu- 
lar masses  of  siliceous  concretions  with  chalcedony  streaks;  very 

plastic ^ 60 

Like  overlying  bed,  but  does  not  contain  the  siliceous  plates 30 

Sandstone,  white,  unconsolidated;  coarse  grit  with  plastic  calcareous 
clay  matrix;  weathers  into  fluted  forms 66 

Unconformity.  

156 

In  sec.  36,  T.  17  N.,  R.  1  E.,  the  White  River  consists  of  60  feet  of 
banded  white  sandy  clay,  with  small  limonite  concretions.  It  has 
the  appearance  of  worked-over  Lance  material,  with  the  addition  of 
lighter-colored  clay. 

The  White  River  is  cross-bedded  on  a  remarkable  scale.^  The 
cross-bedding,  which  is  exposed  in  Reva  Gap,  was  considered  by 
Todd  ^  to  represent  structm^o,  wliich  would  necessarily  involve  the 
underlying  formations.  However,  the  outcrop  of  a  bed  of  lignite  in 
the  southwestern  part  of  T.  18  N.,  R.  8  E.,  extends  almost  continu- 
ously along  parts  of  three  sides  of  a  projecting  point  in  which  the 
White  River  formation  exhibits  an  apparent  dip  of  nearly  30®.  This 
lignite  bed,  which  occurs  only  a  few  feet  below  the  base  of  the  White 
River  formation,  does  not  dip  in  accordance  with  the  apparent  struc- 
ture of  the  White  River,  but  its  attitude  corresponds  with  that  of 
the  almost  flat-lying  Ludlow  lignitic  member  of  the  Lance  formation, 

1  Winchester,  D.  £.,  Cross-beddlng  in  the  White  River  formation  of  northwestern  South  DaJtota:  Jour. 
Geology,  vol.  21,  No.  6,  pp.  550-556, 1913. 
>  Todd,  J.  £.,  Recent  geological  wosk  in  South  Dakota:  Am.  Qeologist,  vol.  16,  p.  303, 1885. 
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below.  Other  good  examples  of  this  large  soale  cross-bedding  appear 
in  the  Slim  Buttes,  in  sec.  17,  T.  18  N.,  R.  8  E.,  and  m  Flat  Top  Butte, 
in  sec.  30,  T,  17  N.,  R.  9  E.  At  none  of  these  places  docs  the  attitude 
of  the  underljdng  Ludlow  lignitic  member  correspond  with  the 
apparent  structure  exhibited  in  the  White  River  formation,  and 
therefore  the  angles  exhibited  in  the  YThite  River  are  interpreted  as 
bciiig  due  entirely  to  cross-bedding. 

The  White  River  formation  lies  unconformably  on  the  lower  part  of 
the  Lance  in  the  Short  Pine  Hills,  on  the  Ludlow  lignitic  member  in  the 
Slim  Buttes,  and  on  the  Fprt  Union  in  White  Butte,  T.  22  N.,  R.  14  E., 
and  in  the  Cave  Hills.  The  amount  of  erosion  represented  by  this 
unconformity  is  at  least  750  feet. 

The  following  fossils  were  collected  from  the  formation  and  identi- 
fied by  C.  W.  Gilmore  and  J.  W.  Gidley  as  White  River  forms. 

F  2r>.  SE.  \  N£.  i  sec.  11,  T.  16  N.,  B.  8  E.  (from  yellow  and  pink  clay  near  base  of 
White  River  formation). 
Distal  end  of  humerus,  probably  Merycoidodon  culbertsonii. 
Fragment  of  turtle,  probably  Stylemys  nebraacensis. 
P  39.  Sec.  30,  T.  17  N.,  R.  9  E.  (from  cross-bedded  clay  and  sandstone  at  northwest 
comer  of  Flat  Top  Butte). 
Merycoidodon  culbertsonii  Leidy,  skidl  with  lower  jaws,  fragments  of  lower  jaw, 

limb  bones,  and  foot  bones. 
Mesohippus?  bairdi  Leidy,  pieces  of  lower  jaws. 
Septomeryx?  evansi  Leidy,  skull  without  teeth  and  fragments  of  lower  jaw  with 

last  lower  molar. 
Hyracodon  nebrascensis  Leidy,  upper  premolar  and  incisor. 
F  27.  NE.  i  SW.  i  sec.  32,  T.  18  N.,  R.  8  E.  (from  cross-bedded  sandy  clay  near  the 
base  of  the  White  River  formation). 
Ilyracodon  nebrascensis  Leidy,  upper  and  lower  jaws  of  right  side,  containing 
most  of  molar-premolar  series. 
P52.  Sec.  3,  T.  18  N.,  R.  14  E.  (from  clay  bed  at  top  of  small  butte). 

Probably  Gsenopus  or  Aceratherium,  fragments  of  pelvis. 
F29.  Sec.  17,  T.  18  N.,  R.  8  E.  (from  cross-bedded  clay  and  sandstone  near  the  base 
of  the  White  River  formation). 

Various  fragments  determinable  as  Merycoidodon  culbertsonii  Leidy  and  Hyra- 
codon sp. 
Merycoidodon  culbertsonii,  fragments  of  skull  and  teeth. 
Hyracodon  astragalus. 
Septomeryx  evansi? 
Palteolagus  sp. 
Mesohippus  sp. 
F.21.  NW.i8W.iBec.25,T.19N.,R.7E. 
Titanotherium. 
Gsenopus. 
Aspideretes. 
F3.  SE.  }  SW.  J  sec.  36,  T.  17  N.,  R.  1  E. 

Merycoidodon. 
F4.  SE.  }  NW.  i  sec.  17,  T.  17  N.,  R.  2  E. 
Gaenopus  n.  sp. 
Hoplophoneus? 
Septomeryx. 
tllotherium  mortoni? 

24015*>— BuU.  627—16 3 
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Several  specimens  of  a  shell  reported  by  William  H.  Dall  to  be 
*' probably  an  undescribed  species  of  Polygyra,  allied  to  the  recent 
Albolabris  and  having  an  Eocene  aspect,"  were  found  in  the  same 
beds  from  which  coUection  F  39  was  taken. 

ARTKARKE  (f)  8AHD8T0HE  (XIOCSVBI) 

The  formation  here  referred  to,  the  Arikaree  (?),  was  called  Loup 
Fork  by  Todd  *  and  Arikaree  ( ?)  by  Darton.*  These  authors  found 
no  fossils  in  the  beds,  and  consequently  based  their  correlations  purely 
on  lithologic  grounds. 

The  formation  is  composed  almost  wholly  of  sandy  tuffaceous 
beds,  some  of  which  on  weathering  show  peculiar  concretionary 
forms.  lithologically  they  resemble  the  Arikaree  in  southern 
South  Dakota,  which  was  described  and  pictured  by  Darton.'  The 
formation  in  diCFerent  parts  of  the  Slim  Buttes  ranges  in  thickness 
from  75  to  225  feet.  At  the  base  is  a  greenish-gray,  heavily  bedded, 
almost  massive  sandstone,  very  fine  grained  and  calcareous.  Thin 
lenses  of  conglomerate  also  occur  at  or  near  the  bottom.  The  rocks 
of  the  formation  contain  quartz,  feldspar,  augite,  hornblende,  epi- 
dote,  biotite,  calcite,  and  fragments  of  volcanic  glass  most  of  which 
are  angular  to  subangular.  Volcanic  material  in  considerable 
abimdance  is  revealed  in  all  the  sUdes  prepared  from  these  rocks. 
The  Arikaree  (?)  is  the  cUff-making  formation  of  the  SKm  Buttes 
(see  PI.  IV,  B,  p.  32)  and  of  the  East  and  West  Short  Pine  Hills. 
The  following  stratigraphic  sections  show  its  general  character: 

Sections  of  Arikaree  (f)  sandstone. 

Sec  1,  T.  17  N.,  R.  7  E. 

Ft      In. 

1.  Sandstone,  greemah  gray,  rather  thin  bedded,  fine  grained, 

cdcareous,  and  clayey;  some  thin  layers,  hard  and  brittle, 

show  cross-bedding  on  small  scale 68      0 

2.  Sandstone,  similar  to  No.  1,  but  more  massive  and  with  less 

clay;  some  zones  composed  wholly  of  concretions,  with 
concentric  structure  and  translucent  interior;  some  of  the 
concretions  stalactitic ;  the  surface  of  this  sandstone  weathers 
rough  like  a  complicated  carving;  it  is  cross-bedded  on  a 
large  scale,  but  not  so  much  so  as  parts  of  the  Wldte  River 
formation .' 114      0 

3.  Conglomerate,  pebbles  like  No.  2,  as  much  as  4  inches  in  size; 

the  matrix  contains  waterwom  fragments  of  bones;  maxi- 
mum thickness,  15  feet 7      6 

4.  Sandstone,  thin  bedded,  much  like  No.  2 9      0 

5.  Sandstone  and  clay,  interbedded;  surfaces  of  beds  show 

mud  cracks 6      0 

Unconformity  (?).  

204      6 

1  Todd,  J.  E.,  Recent  geological  work  in  South  Dakota:  Am.  Geologist,  vol.  16,  p.  202, 1895. 

»  Darton,  N.  H.,  Oeology  and  underground  waters  of  South  Dakota:  U.  S.  Geol.  Survey  Water^upply 
Paper  227,  p.  31, 1909. 

*  Darton,  N.  H.,  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one 
hundred  and  third  meridian:  U.  S.  Geol.  Survey  Nineteenth  Ann.  Rept.,  pt.  4,  pp.  74^-747, 188& 
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See.  Se,  T.  17  N.,  B.  I  B. 

Top  of  East  Short  Pine  Hills.  Ft.     in. 

Sandstone,  quartzitic,  containing  chloritic  material;  resLsts  ero- 
sion to  a  marked  degree;  ranges  in  thickness  from  2  to  5  feet. .      3      6 

Sandstone,  fine  grained,  greenish  white,  calcareous;  forms  a 
steep  cliff;  weathered  surface  shows  concretionary  structure; 
typical  specimens  contain  angular  feldspar,  biotite,  quartz, 
epidote,  calcite,  and  fragments  of  glass,  together  with  chloritic 
material;  called  a  rhyolite  tuff  by  E.  S.  Larsen,  of  the  U.  S. 
Geological  Survey 140      0 

Unconformity  (?).  

143      6 

Sec  M,  T.  17  N.,  B.  1  E. 

Top  of  mesa. 

Sandstone,  hard,  green,  with  small  veins  of  chalcedony 13      0 

Sandstone,  homogeneous,  fairly  soft,  fine  grained,  with  lavender 
tinge;  conchoidal  fracture;  some  parts  rather  thin  bedded 
and  some  massive;  some  zones  minutely  cross-bedded;  bed- 
ding surfaces  show  mud  cracks  and  ripple  marks 130     0 

Unconformity  (?).  

143      0 

No  attempt  was  made  in  the  field  to  map  the  White  Tliver  and 
Arikaree  (?)^  formations  as  separate  units,  although  the  hachures  on 
Plate  I,  which  represent  the  cKff  faces  about  the  Slim  Buttes,  West 
Short  Pine  Hills,  and  adjacent  buttes  closely  approximate  the  limit 
of  the  Arikaree  ( ?)  sandstone.  Where  no  hachures  are  shown  that 
formation  is  absent. 

The  only  fossils  found  in  the  Arikaree  ( ?)  sandstone  were  water- 
worn  fragments  of  bone  from  a  conglomerate  near  the  base  of  the 
formation.     The  specimens  were  identified  by  Gidley  as  follows: 

F  25.  Sec.  8,  T.  16  N.,  R.  8  £.  (from  conglomerate  near  base  of  Slim  Buttes). 
Stylemys  nebrascensis  Leidy. 
Hysnodon  cruciens  Leidy. 
Oreodon  sp. 
Vgriocboerus  sp. 

Age,  lower  Oligocene,  probably  equivalent  to  TLtanotherium  zone. 
F2.  Sec.  36,  T.  17  N.,  R.  IE. 

F 17.  SW.  J  sec.  26,  T.  17  N.,  R.  7  E.  (from  bed  near  the  base  of  the  formation;  the 
specimens  so  much  waterwom  that  the  bones  may  have  been  derived  from 
the  underlying  White  River  formation). 
Fragments  of  Merycoidodon. 

These  collections  indicate  that  the  rocks  containing  them  were 
derived  from  the  White  River  formation. 

QTTATEBNABY  SYSTEM. 

The  materials  of  Quaternary  age  in  northwestern  South  Dakota 
include  terrace  deposits  along  all  the  principal  streams,  the  deposits 
on  the  recent  flood  plains  of  the  streams,  and  sand  dunes  covering 
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large  areas  along  the  South  Fork  of  Grand  River  in  Harding  County. 
No  study  was  made  of  these  deposits  and  no  attempt  was  made  to 
map  them.  

8TBTTCTT7BB. 

The  lignite-bearing  formations  of  South  Dakota  occupy  a  very- 
shallow  structural  basin  (fig.  3),   the  main  axis  of  which  trends 
approximately  north  and  lies  well  toward  the  eastern  edge  of  the 
field.    The  contours  in  figure  3  show  that  the  beds  at  the  top  of  the 
lower  part  of  the  Lance  formation  descend  from  an  altitude  of  3,300 
feet  in  T.  22  N.,  R.  3  E.,  and  2,700  feet  in  T.  16  N.,  R.  15  E.,  to  2, 150 
feet  in  the  vicinity  of  Lemmon.     The  converging  dips  indicate  that 
this  area  lies  on  the  rim  of  a  structural  basin  the  center  of  which  is 
in  North  Dakota  somewhere  north  of  Lemmon.     There  are  several 
irregularities  in  the  general  structure.    Along  the  western  margin  of 
the  basin  the  rocks  are  most  steeply  inclined  and  their  dip  varies 
considerably  in  different  areas,  but  in  the  central  part  of  the  basin 
they  are  almost  horizontal.    South  of  Grand  River,  in  T.  19  N.,  R. 
8  E.,  the  dip  is  about  65  feet  to  the  mile  Gess  than  1®)  toward  the 
east;  at  the  south  end  of  the  Slim  Buttes  it  is  approximately  25  feet  to 
the  mile  toward  the  north  and  the  strike  is  about  N.  80®  W.    In  the 
southeastern  part  of  the  field,  near  Chance,  the  dip  is  about  12  feet 
to  the  mile  N.  10®  E.,  whereas  at  Meadow  it  is  15  feet  to  the  mile 
N.  10®  W.,  and  at  Breckenridge  only  7  feet  to  the  mile  N.  60®  E. 

West  of  the  Cave  Hills  and  Slini  Buttes  the  lower  strata  are  brought 
up  in  a  series  of  low  anticlines.  The  southern  extension  of  the  Glen- 
dive  anticline  of  Montana  as  described  by  Calvert  ^  exposes  the  top  of 
the  Fox  Hills  sandstone  east  of  Little  Missouri  River  near  the  North 
Dakota  line  and  is  represented  to  the  southeast  by  gentle  anticlinal 
structure  in  the  Lance  formation.  A  second  fold  nearly  parallel  to 
the  Glendive  anticline  results  m  the  exposure  of  the  Pierre  shale  in  a 
small  area  south  of  the  West  Short  Pine  Hills.  The  general  direction 
of  the  two  folds  is  markedly  parallel  to  that  of  the  Black  Hills  uplift, 
to  the  south,  and  it  is  probable  that  they  as  well  as  other  folds  in 
eastern  Montana  were  produced  at  the  same  time  and  by  the  same 
forces. 

Very  Uttle  true  faulting  has  occurred  in  the  field — ^in  fact,  the  only 
faults  observed  are  one  in  the  PhiUips  lignite  mine,  where  the  bed  is 
displaced  about  3  feet,  and  several  very  small  ones  in  the  Slim  Buttes. 
There  are,  however,  numerous  places  where  slumping  of  beds  pro- 
duces effects  similar  to  faulting  as  well  as  folding.  This  slumping 
is  not  confined  to  any  particular  formation,  as  rocks  of  the  Lance 
and  the  yoimger  formations  are  much  distorted  and  broken  by  land- 
slides.    The  largest  landsUde  in  the  field  (see  PI.  Ill,  B,  p.  10)  is  in 

1  Calvert,  W.  R.,  Geology  of  certain  lignite  fields  in  eastern  Montana:  U.  S.  Geol.  Survey  Bull.  471,  p. 
201, 1912.    (Calvert  calls  this  the  Cedar  Creek  anticline.) 


38  THE  LIGKITE  FIELD  OF  NORTHWESTERN  SOUTH  DAKOTA. 

sec.  20,  T.  19  N.,  R.  8  E.,  where  a  block  of  the  White  Riyer  forma- 
tion about  125  feet  thick,  500  feet  wide,  and  half  a  mile  long  is 
exposed  in  the  bottom  of  a  narrow  valley.  The  base  of  the  forma- 
tion, which  is  broken  and  tilted  in  this  sUde,  is  nearly  200  feet  lower 
in  altitude  than  the  corresponding  horizon  in  the  Slim  Buttes,  three- 
fourths  of  a  mile  away,  and  much  lower  than  rocks  of  the  Lance  for- 
mation which  crop  out  along  the  sides  of  the  valley.  In  sec.  27  of 
the  same  township  an  area  of  Lance  rocks,  600  by  2,000  feet,  con- 
taining a  thick  bed  of  lignite,  is  included  in  a  landslide.  . 

LIGNITE. 
LOCATION  AND  EXTENT. 

The  lignite  field  of  South  Dakota  forms  the  southeastern  part  of 
the  great  lignite  field  which  Ues  mainly  in  Montana  and  North 
Dakota.  From  the  time  of  the  first  exploration  of  Missouri  River 
by  Lewis  and  Clark  in  1804-5  it  has  been  known  that  thick  beds  of 
lignite  occur  at  many  places  in  North  Dakota,  but  their  extent  has 
never  been  accurately  determined.  The  dehmitation  of  the  field  is 
compUcated  by  the  fact  that  the  thickest  and  most  persistent  beds 
of  lignite  are  contained  in  the  Fort  Union  formation,  and  that  generally 
thinner  beds  occur  in  the  underlying  Lance.  The  extent  of  the  Fort 
Union  in  South  Dakota  was  not  known  prior  to  the  field  work  on 
which  this  report  is  based,  and  many  writers  have  assumed  that  it  is 
present  in  much  of  the  area  supposed  to  be  hgnite  bearing.  The 
work  of  1911  and  1912,  however,  has  shown  that  the  Fort  Union  for- 
mation extends  only  a  short  distance  into  South  Dakota  and  that  in 
the  remainder  of  the  field  here  discussed  the  hgnite  beds  present  are 
those  of  the  Lance  formation.  In  general  the  thickness  of  individual 
beds,  as  well  as  the  number  of  beds,  in  the  Lance  decreases  toward 
the  southeast,  so  that  although  several  comparatively  thick  beds 
occur  in  northeastern  Harding  Qounty,  there  is  but  Httle  lignite  of 
commercial  value  in  southeastern  Perkins  County. 

The  lignite  beds  in  the  lower  part  of  the  Lance,  although  present 
in  a  great  number  of  places,  are  generally  thin  and  of  local  extent. 
Most  of  these  lenses  are  found  in  the  upper  100  feet  and  almost  none 
of  them  in  the  lower  200  feet.  One  bed  in  T.  21  N.,  R.  6  E.,  and 
one  in  T.  21  N.,  R.  2  E.,  are  thick  enough  to  be  of  local  value. 

Lignite  has  been  foimd  in  all  parts  of  the  field  at  or  near  the  base 
of  the  Ludlow  lignitic  member  of  the  Lance.  The  most  valuable 
beds  in  the  field  are  in  this  member  in  the  eastern  and  northeastern 
parts  of  Harding  County  and  the  western  part  of  Perkins  County 
south  of  the  South  Fork  of  Grand  River.  The  beds  in  the  lower  160 
feet  of  the  Ludlow  member  are  in  general  thin  and  nonpersistent 
except  around  the  borders  of  the  Shm  Buttes.  In  the  upper  200  feet 
there  are  two  or  three  persistent  beds,  which  are  most  important  in 
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the  North  and  South  Cave  Hills  and  Table  Mountain  and  in  eastern 
Harding  County  north  of  the  South  Fork  of  Grand  River  and  Bull 
Creek.  Lignite  beds  in  this  part  of  the  Lance  are  also  well  developed 
in  T.  19  N.,  Rs.  10  and  HE.  These  beds,  however,  are  lenticular  and 
the  thicknesses  are  maintained  for  only  short  distances.  The  Cannon- 
ball  marine  member  of  the  Lance  was  laid  down  in  salt  water  and  does 
not  contain  any  lignite 

The  lower  part  of  the  Fort  Union  formation  contains  practically 
BO  lignite  in  this  field,  but  a  thick  bed  is  exposed  about  100  feet  above 
the  base  of  the  formation.  This  bed  underhes  a  group  of  hills 
north  and  south  of  Lodgepole,  in  Tps.  21  and  22  N.,  R.  12  E.,  where 
it  reaches  a  maximimi  thickness  of  8  feet  10  inches.  A  few  other 
high  buttes  in  adjoining  townships  are  underlain  by  the  same  bed,  but 
it  is  much  thinner  both  to  the  west  and  north. 

The  rocks  overlying  the  lignite  are  in  many  places  baked  and  even 
fiised,  the  amount  of  alteration  being  controlled  partly  by  the  quality 
and  thickness  of  the  lignite  bed  but  more  by  the  conditions  of  burning. 


No  distinction  in  character  has  been  observed  in  this  field  between 
thehgnite  of  the  Lance  and  that  of  the  Fort  Union  formation.  Most 
of  the  lignite  is  very  dark  brown,  almost  black  in  color,  but  the  pow- 
der is  brown.  Most  of  the  fresh  material  has  a  dull  luster  and  much 
of  it  a  tough  woody  texture.  Detailed  examination  of  the  more 
woody  parts  shows  some  variation  in  textm-e,  color,  and. luster. 
Small  lenses  of  shiny  black  lignite,  ranging  in  thickness  from  a  thin 
film  to  an  inch  or  more,  alternate  with  dark-brown  lignite  which  has 
not  nearly  so  bright  a  luster.  Both  varieties  retain  in  places  the 
fibrous  character  of  the  wood  from  which  they  were  derived.  These 
characteristics  are  well  shown  in  the  lignite  from  Jones's  mine,  in  sec. 
35,  T.  19  N.,  R.  10  E.  At  Phillips's  mine,  in  sec.  7,  T.  17  N.,  R.  11  E., 
on  a  bed  near  the  top  of  the  lower  part  of  the  Lance,  the  lignite  is 
predominantly  of  the  hard  black  variety  and  has  well-developed  cleav- 
age, r^embling  very  closely  the  subbituminous  coal  of  eastern  Wyo- 
niing.  The  analyses  of  fresh  samples  from  these  two  mines,  however 
(see  table,  pp.  42-43),  show  no  appreciable  difference  in  chemical  com- 
petition. As  a  rule  the  lignite  in  which  the  woody  texture  is  not  well 
preserved  has  a  dull  luster  and  contains  a  comparatively  high  per- 
centage of  ash. 

On  exposure  to  the  air  the  lignite  of  this  field  loses  a  considerable 
part  of  its  moisture,  shrinks,  and  soon  falls  to  pieces,  a  characteristic 
^hich  makes  the  shipping  of  it  in  open  cars  to  distant  markets  almost 
nnpossible  and  will  prove  a  serious  handicap  in  its  exploitation.  The 
breaking  up  or  checking  begins  almost  inmiediately  when  fresh  lig- 
nite is  exposed  to  the  air.    The  cracks  on  the  surface  are  in  some 
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places  approximately  at  right  angles,  so  that  the  small  blocks  which 
scale  ofF  are  roughly  cubical  in  form.  In  other  places  the  checking 
is  more  irregular.  In  the  best  Ugnite  the  weathered  surfaces  are 
black  and  have  a  bright  vitreous  luster,  even  though  in  the  unweath- 
ered  condition  the  Ugnite  is  brown  and  has  a  dull  luster.  As  the  per- 
centage of  ash  increases,  the  luster  of  the  weathered  surface  is  duller. 
The  weathering  of  Ugnite  of  different  grades  is  so  characteristic  that 
an  examination  of  the  weathered  face  of  an  exposed  section  wiU,  in 
many  cases,  afford  a  better  conception  of  the  character  of  the  Ugnite 
than  an  examination  of  the  fresh  Ugnite. 

CHEMICAIi  COMPOSITION. 

For  the  sake  of  uniformity  in  the  comparison  of  coal  and  Ugnite, 
it  is  nece^ary  that  samples  for  chemical  analysis  be  free  from  weath- 
ering, but  in  a  region  where  the  greater  part  of  the  Ugnite  is  taken 
from  strip  pits  it  is  difficult  to  procure  fresh  material.  Eight  sam- 
ples obtained  in  the  northwestern  South  Dakota  field  were  analyzed 
at  the  Pittsburgh,  laboratory  of  the  Bureau  of  Mines.  Five  of  these 
samples  were  obtained  from  drift  mines  and  the  other  three  from 
strip  pits.  The  samples  were  coUected  in  accordance  with  the  regu- 
lations of  the  United  States  Geological  Survey,  wliich  in  brief  are  as 
foflows:  From  a  clean,  fresh  face  a  channel  is  cut  perpendicularly  from 
roof  to  floor,  the  partings  that  are  thrown  out  in  mining  being  dis- 
carded. The  material  thus  obtained  is  broken  to  pass  through  a 
i-inch  screen  and  the  sample  is  reduced  by  quartering  to  about  1 
quart,  which  is  placed  in  a  galvanized-iron  can,  sealed,  and  sent  im- 
mediately to  the  laboratory.  With  the  analyses  from  northwestern 
South  Dakota  are  included  for  the  sake  of  comparison  analyses  of 
fresh  lignite  from  four  producing  mines  in  widely  separated  parts  of 
North  Dakota. 

In  the  f oUowing  table  the  analyses  are  given  in  four  forms,  marked 
A,  B,  C,  and  D.  Analysis  A  represents  the  composition  of  the  sample 
as  it  comes  from  the  mine.  This  form  of  analysis  is  not  well  suited 
for  comparison  of  one  coal  or  Ugnite  with  another,  because  the  amoimt 
of  moisture  in  the  sample  as  it  comes  from  the  mine  is  largely  a  matter 
of  accident,  and  consequently  analyses  of  different  samples  of  the 
same  coal  expressed  in  this  form  may  vary  widely.  Anal3rsis  B  rep- 
resents the  sample  after  it  has  been  dried  at  a  temperature  a  little 
above  the  normal  until  its  weight  becomes  constant.  This  form  of 
analysis  is  best  adapted  to  the  general  purposes  of  comparisons. 
Analysis  C  represents  the  theoretical  condition  of  the  lignite  after  all 
the  moisture  has  been  eliminated.  Analysis  D  represents  the  lignite 
after  all  moisture  and  ash  have  been  theoretically  removed.  Tliis  is 
supposed  to  represent  the  true  lignitic  substance,  free  from  the  most 
significant  impurities.  Forms  C  and  D  are  obtained  from  the  others 
by  recalculation. 
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In  tlie  analytical  work  chemists  recognize  that  it  is  not  possible  to 
detenniiie  tlie  proximate  constituents  of  coal  or  lignite  with  the  same 
degree  of  accuracy  as  the  ultimate  constituents.  Therefore  the  air- 
drying  loss,  moisture,  volatile  matter,  fixed  carbon,  and  ash  are  given 
to  one  decimal  place  only.  In  the  ultimate  analyses  the  ash,  sul- 
phur, hydrogen,  carbon,  nitrogen,  and  oxygen  are  given  to  two  deci- 
mal places.  As  calorific  determinations  to  individual  imits  are  not 
reliable,  in  tlie  column  headed  '' Calories"  the  heat  values  are  given 
to  the  nearest  five  units,  and  in  the  colunm  headed  ''British  thermal 
units"  they  are  given  to  the  nearest  tens,  the  value  of  a  British  ther- 
mal unit  heing  about  one-half  that  of  a  calorie. 
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Laboratory  No.  12488.  Sample  of  lignite  bed  near  top  of  lower  part  of  Lance  formA- 
tion,  in  Phillips  mine,  in  sec.  7,  T.  17  N.,  R.  11  E.,  5  miles  south  of  Strool,  S.  Dak.; 
collected  by  Dean  £.  Winchester,  July  26 »  1911,  from  fresh  face  of  lignite  at  end  of 
main  entry  150  feet  from  mine  mouth.  At  the  point  of  sampling  the  bed  is  2  feet  5 
inches  thick  (see  No.  879,  PI.  XI),  all  of  which  was  represented  in  the  sample.  The 
sample  was  unweathered  and  somewhat  wet. 

Laboratory  No.  12454.  Sample  of  lignite  bed  at  base  of  Ludlow  lignitic  member 
of  the  Lance  formation,  from  Knudsen  mine  (see  PI.  V,  A)^  in  sec.  2,  T.  17  N.,  R.  10  E., 
5  miles  southwest  of  Strool;  collected  by  Dean  E.  Winchester,  July  21,  1911,  from 
fresh  face  of  coal  about  150  feet  from  mine  mouth.  The  section  of  the  lignite  bed  at 
the  mine  mouth  is  shown  graphically  on  Plate  XI,  No.  811.  The  upper  2  feet  7 
inches  of  lignite  was  included  in  the  sample.  The  mine  was  dry  and  the  lignite 
unweathered. 

Laboratory  No.  12453.  Sample  from  a  lignite  bed  in  the  upper  part  of  the  Ludlow 
lignitic  member  of  the  Lance  formation,  from  the  Jones  mine  (see  PI.  V,  jB),  in  sec. 
35,  T.  19  N.,  R.  10  E.,  6  miles  northwest  of  Strool,  S.  Dak.;  collected  by  Dean  E. 
Winchester,  July  22,  1911,  from  a  fresh  face  of  lignite  at  the  end  of  the  main  entry 
100  feet  from  the  mine  mouth  and  under  about  75  feet  of  cover.  The  section  at  this 
point  is  shown  on  Plate  XI,  No.  824.  The  mine  was  being  worked  at  the  time  <^ 
examination  so  that  the  sample  for  analysis  was  free  from  weathering. 

Laboratory  No.  13221.  Sample  from  a  lignite  bed  near  the  top  of  the  Ludlow  lignitic 
member  of  the  Lance  formation,  from  the  Hilton  mine,  in  sec.  6,  T.  20  N.,  R.  5  E., 
11  miles  north  of  Buftalo,  S.  Dak.;  collected  by  E.  M.  Parks,  October  4,  1911,  from 
fresh  face  of  lignite  at  end  of  main  entry,  100  feet  from  mine  mouth.  Although  the 
bed  contains  a  total  of  11  feet  1  inch  of  lignite  only  7  feet  2  inches  is  mined.  A  de- 
tailed section  of  the  lignite  bed  at  the  Hilton  mine  is  shown  on  Plate  VII,  No.  144. 
At  the  time  of  sampling  the  mine  had  been  in  operation  for  about  a  year. 

Laboratory  Nos.  13220  and  13222.  Samples  from  lignite  beds  in  Ludlow  lignitic 
member  of  Lance  formation,  from  the  Mendenhall  strip  pit,  in  sec.l,  T.  17  N.,  R.  7  E., 
S.  Dak.;  collected  by  E.  M.  Parks,  August  17,  1911,  from  faces  of  beds  in  an  old  strip 
pit  after  digging  back  2  feet  in  order  to  get  as  fresh  a  sample  as  possible.  Sample  No. 
13220  represents  the  lignite  of  the  lower  bed;  No.  13222  represents  that  of  the  upper 
bed.    (See  PI.  VII,  Nos.  325  and  326.) 

Laboratory  No.  15062.  Sample  from  Newcomb  lignite  bed,  in  the  Ludlow  lignitic 
member  of  the  Lance  formation,  from  the  Newcomb  mine  (strip  pit),  in  sec.  10,  T.  20 
N.,  R.  9  E.,  about  28  miles  south  of  Reeder,  N.  Dak.;  collected  by  J.  B.  Reeside,  jr., 
October  19,  1912,  from  face  of  bed  in  an  open  pit;  somewhat  weathered.  A  section 
of  the  bed  at  the  Newcomb  mine  is  shown  graphically  on  Plate  IX,  No.  762. 

Laboratory  No.  14354.  Sample  from  lignite  bed  in  Fort  Union  formation,  from  the 
Nelson  mine,  in  sec.  21,  T.  29  N.,  R.  12  E.,  3  miles  south  of  Lodgepole,  S.  Dak.; 
collected  by  E.  Russell  Lloyd,  July  3,  1912,  from  fresh  face  of  lignite  140  feet  from 
mine  mouth,  under  about  35  feet  of  cover.  The  full  thickness  of  the  bed  was  not 
exposed  at  this  place.  The  thickness  of  the  part  that  is  being  mined  is  7  feet  (see  PI. 
X,  No.  937),  all  of  which  is  represented  in  the  sample.  Both  the  roof  and  floor  of 
the  none  at  the  point  of  sampling  were  lignite. 

Laboratory  No.  14542.  Sample  from  the  Haynes  lignite  bed,  in  the  Fort  Union  for- 
mation, in  the  Nipper  &  Monroe  mine,  3}  miles  northeast  of  Haynes,  N.  Dak.;  col- 
lected by  E.  Russell  Lloyd,  July  30, 1912,  in  entry  about  630  feet  nearly  due  east  from 
the  mine  mouth.  The  thickness  of  the  bed  at  this  point  is  about  12  feet,  of  which 
the  lower  8  feet  3  inches  is  being  mined  and  was  sampled. 

Laboratory  No.  1935.  Sample  from  a  lignite  bed  in  the  Fort  Union  formation,  from 
mine  of  Washburn  Lignite  Coal  Co.,  Wilton,  McLean  County,  N.  Dak.;  collected  by 
M.  R.  Campbell,  August  3,  1905,  at  1,750  feet  from  shaft.  The  thickness  of  the  bed 
at  this  point  is  9  feet  6  inches,  of  which  the  lower  6  feet  6  inches  was  sampled. 
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Laboratory  No.  1971.  Sample  from  a  lignite  bed  in  the  Fort  Union  formation,  in 
mine  of  the  OonBolidated  Goal  Co.,  at  Lehigh,  Stark  County,  N.  Dak.;  collected  by 
M.  R.  Campbell,  August  5,  1905,  at  1,900  feet  from  mine  mouth.  The  thickness  of 
the  bed  at  this  point  is  6  feet  4  inches,  of  which  the  lower  5  feet  was  sampled. 

Laboratory  No.  12533.  Sample  from  a  lignite  bed  in  the  Fort  Union  formation,  from 
mine  of  U.  S.  Reclamation  Service  3  miles  northeast  of  Williston,  Williams  County, 
N.  Dak.;  collected  by  Frank  A.  Herald,  August  16, 1911,  at  1,225  feet  east  from  mine 
mouth.  The  thickness  of  the  bed  at  this  point  is  10  feet  3  inches,  of  which  the 
lower  8  feet  was  sampled. 

Laboratory  No.  14485.  Sample  from  Harmon  (?)  lignite  bed,  in  the  Fort  Union  for- 
mation, from  the  Scranton  mine  of  Charles  Liddell,  Scranton,  Bowman  Coimty, 
X.  Dak.;  collected  by  C.  J.  Hares,  June  30,  1912,  from  face  of  cast  entry,  1,000  feet 
from  mine  mouth.  The  total  thickness  of  the  bed  is  20  feet  3^  inches.  The  sample 
represents  6  feet  near  the  middle  of  the  bed. 

In  a  general  way  the  comparative  values  of  the  lignite  from  dif- 
ferent mines  and  dijfferent  beds  can  be  obtained  from  the  heating 
values  of  the  air-dried  samples  (form  B  of  analysis).  This  criterion, 
however,  must  be  modified  for  lignite  in  which  the  loss  of  moisture 
on  air-drying  is  comparatively  small,  as  in  some  of  the  samples  of 
North  Dakota  lignite.  In  the  lignite  from  South  Dakota  whose  analy- 
ses are  presented  above  the  air-drying  loss  is  fairly  uniform.  The 
heating  values  show  that  they  compare  very  favorably  with  lignite 
that  is  being  mined  on  a  large  scale  in  North  Dakota. 

All  fresh  lignite  contains  a  high  percentage  of  moisture,  a  large 
part  of  which  is  set  free  on  exposure  to  the  air,  and  a  resultant 
shrinkage  takes  place,  causing  the  lignite  to  check  or  break  up  into 
small  pieces.  There  is  also  a  large  amount  of  pyrite  or  marcasite 
distributed  both  along  joint  planes  in  large  lons^  and  balls  and  dis- 
seminated in  small  particles  throughout  the  bed.  The  larger  lenses 
and  balls  are  thrown  out  in  sampling,  so  that  the  sulphur  in  the  bed 
is  greater  than  is  shown  by  the  analysis. 

A  large  part  of  the  northwestern  South  Dakota  lignite  field  is  at 
present  far  from  a  railroad,  and  therefore  the  settlers  in  the  region 
furnish  the  only  market  for  the  lignite.  Several  small  mines  have 
been  opened  and  operated  to  supply  this  local  trade.  Drift  mines 
have  been  opened  in  the  vicinity  of  Lodgepole,  Strool,  and  the  South 
Cave  Hills. 

In  nearly  all  parts  of  the  field  the  lignite  is  obtained  for  local  use 
hy  stripping  ofiF  the  surface  material  near  the  outcrop,  and  although 
the  labor  involved  in  this  process  is  comparatively  great,  it  seems  to 
1x5  at  present  the  most  economical  method  of  mining,  for  the  shale  or 
clay  which  in  most  places  overlies  the  lignite  is  generally  not  suffi- 
ciently compact  to  serve  as  a  roof. 

The  lignite  is  used  generally  for  domestic  purposes,  but  there  is  a 
growing  demand  for  it  as  fuel  for  the  steam  plow  outfits  which  are 
hemg  operated  in  this  part  of  South  Dakota.  The  low  grade  and 
extremely  poor  stocking  qualities  of  the  fuel  render  it  unfit  for 
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shipping  in  open  cars,  so  that  the  development,  for  some  years  at 
least,  will  be  limited  by  the  local  demand.  Experiments  made  by  the 
Bureau  of  Mines  at  Pittsburgh  ^  and  by  the  experiment  station  of  the 
North  Dakota  School  of  Mines  '  have  proved  that  the  Dakota  lignites 
can  be  made  into  briquets  at  a  cost  which  would  place  them  on  the 
market  in  favorable  competition  with  high-grade  coals.  Good  pro- 
ducer gas  can  also  be  manufactured  from  lignite,  and  this  may  furnish 
an  important  market  use  for  the  lignite  of  this  fields 

AVAILABLE  LIGNITB. 

In  computing  the  probable  amoimt  of  lignite  available  in  north- 
western South  Dakota,  only  those  areas  are  considered  which  are 
known  to  be  imderlain  by  lignite  of  sufficient  thickness  to  be  classified 
as  coal  land  by  the  Geological  Survey.  The  lignite  of  this  field  has  a 
heating  value  on  air-dry  analysis  of  8,090  to  8,830  British  thermal 
units,*  as  shown  by  the  chemical  analyses  (pp.  42-43),  and,  according 
to  the  regulations  of  the  Department  of  the  Interior,  a  bed  of  lignite 
with  this  heating  value  must  be  2  feet  10  inches  thick  in  order  to  be 
considered  sufficiently  valuable  for  classification  as  coal  land. 

In  calculating  the  tonnage  of  any  lens  of  lignite  its  area  is  deter- 
mined and  the  average  of  the  several  measurements  along  the  outcrop 
is  assumed  to  represent  the  average  thickness  of  the  bed.  The  total 
content  of  the  lens  is  determined  by  multiplying  the  area  in  square 
miles  by  the  average  thickness  in  feet,  and  this  by  1,152,000,  the 
number  of  short  tons  of  lignite  in  a  square  mile  of  land  underlain  by 
a  bed  1  foot  thick  and  having  a  specific  gravity  of  1.3.  By  this 
method  it  is  estimated  that  there  is  in  Perkins  and  Harding  counties 
minable  lignite  amoimting  to  about  1,096,480,000  tons. 

DBTAILBD  DBSCBIFTIONS  BY  TOWNSHIPS. 

T.  le  H..  K.  1  E. 

The  surface  of  the  northwestern  part  of  T.  16  N.,  R.  1  E.,  is  a 
rolling  prairie,  which  slopes  gradually  upward  to  the  southeast  and 
culminates  in  a  low  divide  surmounted  by  a  few  bare  ''mud''  buttes. 
The  lower  part  of  the  Lance  formation  outcrops  throughout  most 
of  the  township,  but  the  underlying  Fox  Hills  sandstone  and  Pierre 
shale  are  the  surface  rocks  in  a  small  area  in  the  southeast  corner. 
The  Fox  HiUs  could  not  be  mapped  accurately  on  account  of  lack  of 
exposures,  but  it  occupies  a  narrow  belt  surrounding  the  Pierre  shale. 
The  strata  dip  gently  to  the  west.  No  bed  of  lignite  is  exposed  in 
this  township. 

>  Wright,  C.  L.,  Briquetting  tests  of  lignite  at  Pittsburgh,  Pa.,  190H-9:  Bureau  of  Mines  Bull.  14, 1911. 

>  Babcock,  K.  J.,  Investigations  of  lignite  coal  relative  to  the  production  of  gas  and  briquets,  North 
Dakota  Univ.,  Grand  Forks,  N.  Dak. 

*  A  British  thermal  unit  is  the  quantity  of  heat  required  to  raise  the  temperature  of  1  pound  of  water 
'  4  water  being  at  the  temperature  of  maTimnm  density,  39.1*  F. 
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T.  17  H.,  K.  1 E. 

The  western  part  of  T.  17  N.,  R.  1  E.,  lies  in  the  low  flat  valley  of 
Little  Missouri  River,  which  flows  across  the  northwest  comer. 
Along  the  east  border  is  the  West  Short  Pine  Hills  mesa,  which  rises 
abrupdy  to  an  elevation  of  nearly  400  feet  above  the  surrounding 
fountiy.  At  the  foot  of  the  mesa  cliffs  is  a  narrow,  deeply  dissected 
area  occupied  by  rocks  slimiped  and  washed  down  from  the  sides  of 
the  mesa.  The  entire  area  between  the  mesa  and  the  river  valley  is 
rugged  and  cut  by  small  streams. 

The  Lance  formation  outcrops  at  the  surface  throughout  the  town- 
ship, except  in  the  West  Short  Pine  Hills,  where  the  White  River 
fomiation  rests  unconformably  upon  the  Lance  and  is  in  turn  over- 
lain by  a  thick  sandstone  cap  or  rim  rock  that  is  assigned  to  the 
Arikaree  (  ?)  sandstone.  The  strata  dip  slightly  to  the  west  in  the 
central  part  of  the  township.  In  the  eastern  part  there  is  little 
opportunity  to  observe  the  structure  of  the  Lance  formation  because 
of  the  cover  of  younger  rocks.  A  general  study  of  the  region  shows 
that  the  axis  of  a  low  anticline  passes  through  the  township  in  a 
nearly  north-south  direction.     No  lignite  is  exposed  in  the  township. 

T.18H.,K.1E. 

With  the  exception  of  a  small  area  of  rolling  land  in  the  south- 
eastern part,  T.  18  N.,  R.  1  E.,  lies  entirely  in  the  level  vaUey  of  Little 
Missouri  River,  which  flows  northeastward  across  the  township. 
Tliis  stream,  even  in  the  driest  years,  contains  running  water,  but 
during  the  simcuner  months  its  flow  is  insufficient  to  provide  much 
water  for  irrigation.  Camp  Crook,  in  sees.  2  and  3,  is  the  most  impor- 
tant town  in  this  part  of  the  field.  It  has  mail  and  stage  connections 
with  Belle  Fourche,  70  miles  to  the  south,  on  the  Chicago  &  North- 
western Railway,  and  with  Bowman,  N.  Dak.,  60  miles  to  the  north- 
east, on  the  Chicago,  Milwaukee  &  St.  Paul  Railway. 

The  surface  rocks  belong  to  the  lower  part  of  the  Lance  formation. 
The  top  of  the  Pierre  shale  is  less  than  100  feet  below  the  surface  at 
Camp  Crook,  as  determined  by  a  well.  Good  rock  exposures  are  rare 
because  of  the  grass-covered  surface.  The  rock  structure  is  wholly 
obscured,  but  a  gentle  northward-trending  anticline  is  supposed  to 
pass  through  the  township,  its  axis  being  near  Camp  Crook.  No  bed 
of  lignite  is  known  to  outcrop  in  the  township. 

The  surface  in  the  eastern  three-fourths  of  T.  19  N.,*R.  1  E.,  is 
W  and  flat,  but  along  the  Montana  line  there  is  a  series  of  rocky 
tills  covered  by  a  sparse  pine  growth.  The  surface  rock  is  somber- 
colored  shale  belonging  to  the  lower  part  of  the  Lance  formation, 
except  that  the  rocky  hills  in  the  western  part  of  the  township  are 
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capped  by  a  massive  sandstone  bed  of  the  Ludlow  lignitic  member  of 
the  Lance.  This  sandstone  shows  a  distinct  westerly  dip  that 
increases  in  amount  toward  the  north  until  at  location  4/  in  sec.  5, 
it  b  more  than  10^.  The  structure  is  obscured  elsewhere  in  the 
township,  but  from  data  collected  in  adjacent  areas  it  is  inferred  that 
the  axis  of  a  gentle  north-south  anticline  passes  through  the  central 
part  of  the  township. 

Two  lignite  beds  50  to  75  feet  apart  outcrop  in  the  western  part 
of  the  township.  The  lower  bed,  which  occurs  at  the  base  of  the 
Ludlow  lignitic  member  of  the  Lance,  has  a  maximum  thickness  of  2 
feet  7  inches  at  location  3  in  the  NE.  {  sec.  8.  The  following  sections 
show  its  character  at  the  exposures  in  this  township: 

Sections  of  lignite  beds  measured  in  T,  19  N.,  R.  1  E. 


Ft.  in. 

Shale,  brown 1  8 

Lignite 1  7 

Shale.  

Totalaection 6  9 

Totallignite 1  7 

LooOloB  S.  NB.  \  MC  8. 


Lignite,  good  at  bottom  and  dirty 
at  top 


LocaUon  4.  NE.  i  sec  5. 

Shale. 

Lignite 2      0 

Shale. 


Ft.    in, 
1.  SB.  i  MC  M. 

Clay. 

Shale,  lignitic,  and  lignite 1  0 

Shale,  brown 8 

Lignite,  dirty 7 

Shale,  brown 8 

Lignite,  dirty 10 

Totalaection 3      9 

Totollignite 1      5 

Location  2.  NE.  \  mc.  SO. 

Shale,  brown 2      0 

Shale,  carbonaceous 1      6 

The  upper  bed  is  represented  in  this  township  by  6  feet  of  inter- 
bedded  shale  and  dirty  hgnite  at  a  single  exposure  near  the  center 
of  sec.  8.  Elsewhere  its  outcrop  is  marked  by  clinker,  except  in  the 
ridge  in  sec.  20,  where  it  is  concealed  by  d6bris  from  the  overlying 
beds.  Farther  west,  in  Montana,  several  strip  pits  have  been  opened 
on  this  bed,  and  lignite  has  been  mined  to  supply  the  local  demand  in 
Camp  Crook  and  vicinity. 

T.20H.,B.  IE. 

The  surface  of  the  eastern  two-thirds  of  T.  20  N.,  R.  1  E.,  is  low 
and  flat  and  is  crossed  by  sluggish  streams  wliich  are  fed  by  springs 
from  the  hills  to  the  west.  Small  reservoirs  have  been  formed  by 
danmwig  these  streams,  and  the  water  used  to  irrigate  a  part  of  the 
flat  area.  The  Ludlow  lignitic  member  of  the  Lance  formation, 
dipping  8®-10®  W.,  crops  out  along  the  western  margin  of  the  town- 
ship in  a  sandstone-capped  ridge.  Elsewhere  the  lower  part  of  the 
Lance  is  the  surface  formation.  Although  the  structure  is  obscured 
in  the  eastern  part  of  the  area,  it  is  probable  that  the  rocks  there  dip 

1  Numbers  in  text  reler  to  locations  on  the  maps,  Plates  I  and  II,  and  many  of  them  to  graphic  sectJons 
on  Plates  VI  to  XI. 
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eastward,  as  they  do  in  the  township  to  the  north,  and  that  the  axis 
of  a  gentle  north-south  anticline  crosses  the  west  side  of  the  town- 
ship. No  lignite  bed  of  commercial  importance  is  exposed  within 
the  township. 

T.  SI  H.,  B.  1 X. 

The  surface  of  T.  21  N.,  R.  1  E.,  is  roughly  rolling,  with  small  areas 
of  barren  badlands  and  many  rather  prominent  clinker-capped 
buttes.  The  clinker  is  the  result  of  the  burning  of  lignite  and  is  the 
most  resistant  rock  in  the  region.  The  lower  part  of  the  Lance 
formation  forms  the  siu^ace  rock,  and  the  strata  dip  gently  south- 
eastward. 

Of  the  two  Ugnite  beds  present  the  lower  and  more  persistent  one  is 
thin  and  of  no  value.  At  location  6,  in  sec.  4,  it  is  represented  by  5 
feet  of  brown  shale  and  carbonaceous  shale  interbedded,  and  at 
location  7,  in  the  NE.  J  sec.  4,  the  following  section  was  measured  : 

Section  oflignile  beds  at  location  7,  in  the  NE.  i  sec,  4,  T,  21  N.,  R,  1  E, 

Shale.                                                                                            Ft.  in. 

Lignite,  dirty 1  6 

Shale 2  0 

Lignite , 1  8 

Clay,  ahaly 6  0 

Lignite 1        7 

Shale.  

Total  section 12       9 

Total  lignite 4        9 

The  upper  and  thicker  bed  has  burned,  forming  high  clinker- 
coyered  buttes  in  sees.  8  and  9  and  also  in  the  southeastern  part  of 
the  township,  where  a  small  area  under  thin  cover  remains  un- 
bumed.  Section  5,  Plate  VII,  was  measured  in  sec.  23,  where  the 
bed  outcrgps  near  the  top  of  a  hill.  At  this  point  there  are  two  beds 
3  feet  5  inches  and  1  foot  9  inches  thick,  separated  by  2  feet  10  inches 
of  shale. 

T.  22  H.,  B.  1 E. 

The  surface  of  T.  22  N.,  R.  1  E.,  is  rolling  prairie  interrupted  by 
small  areas  of  barren  badlands  and  many  prominent  clinker-capped 
buttes.  The  northwest  half  drains  into  Big  Boxelder  Creek  and  the 
remainder  directly  into  Little  Missouri  River.  All  the  strata  which 
outcrop  in  the  township  belong  to  the  lower  part  of  the  Lance  forma- 
tion. There  are  three  beds  of  lignite,  the  two  upper  being  the  same 
as  those  which  outcrop  in  T.  21  N.,  R.  1  E.  The  lowest  was  meas- 
ured only  at  location  8,  in  the  SW.  J  sec.  24,  where  it  is  1  foot  thick. 
The  middle  bed,  which  corresponds  to  the  lower  bed  in  T.  21  N., 
R.  1 E.,  is  burned  in  most  of  the  area,  but  is  preserved  under  cover  in 
sees.  9,  10,  11,  15,  33,  34,  and  35.     A  section  measured  in  the  SE.  J 

24015*'— Bull.  627—16 4 
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sec.  9  (No.  8A,  PI.  VII)  shows  the  bed  to  contain  3  feet  4  inches  of 
dirty  lignite.  The  upper  bed  is  entirely  burned,  but  its  former 
position  is  shown  by  the  abundant  clinker  on  the  buttes  in  sees.  10, 
11,  and  15. 

T.  SS  v.,  B.  1  E. 

Big  Boxelder  Creek,  which  drains  a  large  area  in  Montana,  meanders 
across  T.  23  N.,  R.  1  £.,  in  a  broad  valley.  High  cut  banks  border 
the  creek  in  many  places,  but  in  other  parts  of  the  township  the  land 
is  roUing  and  rock  exposures  are  confined  to  a  few  small  areas  of  bad- 
land.  The  strata  of  the  Lance  formation  which  constitute  the  sur- 
face rocks  of  the  township  appear  to  be  horizontal,  or  to  dip  almost 
imperceptibly  eastward,  except  along  the  west  margin,  where  there 
is  a  distinct  westerly  dip.  This  dip  may  be  a  part  of  the  same  struc- 
tural feature  as  that  which  appears  in  the  townships  to  the  south. 

A  few  thin  beds  of  hgnite  are  scattered  throughout  the  Lance  but 
are  too  thin  to  be  of  value  in  this  township. 

T.ieH.,B.2X. 

The  surface  in  the  southern  part  of  T.  16  N.,  R.  2  E.,  is  rolling,  but 
farther  north  there  is  an  abrupt  rise  to  the  level-topped  West  Short 
Pine  TTilla  mesa,  which  occupies  the  north-central  part.  Several  low 
ridges  slope  gently  away  from  the  mesa. 

The  Pierre  shale  crops  out  in  a  rolling  plain  in  the  southwest  comer 
and  is  surrounded  by  a  belt  of  sandy  slopes  weathered  from  the  Fox 
Hills  sandstone.  The  Lance  formation,  which  overhes  the  Fox  Hills 
and  weathers  into  sandy,  rolling  prairie,  with  small  patches  of  bad- 
land,  is  in  the  Short  Pine  Hills  overlain  imconformably  by  the  White 
River  formation.  The  thick-bedded  Arikaree  (?)  sandstone,  which 
protects  the  soft  White  River  formation  from  erosion,  is  the  cap  rock 
of  the  mesa. 

No  bed  of  Ugnite  outcrops  in  the  township,  but  a  bed  of  hard  black 
bituminous  clay  exposed  in  sec.  23  was  once  mistaken  for  coal,  and 
an  entry  was  driven  on  it  several  feet  into  the  hill. 

T.  17  H.,  B.  2  E. 

The  small  town  of  Harding  lies  in  sec.  35,  T.  17  N.,  R.  2  E.,  in  a 
beautiful,  gently  rolling  valley,  which  Gen.  Custer  named  Pleasant 
Valley.  The  best  farming  land  of  this  part  of  the  field  is  in  this  valley, 
between  the  two  Short  Pine  HiUs  mesas.  To  the  southwest  the 
western  mesa  rises  about  400  feet  above  the  general  level  of  the  siu*- 
rounding  prairie.  The  cliflf  that  bounds  the  mesa  on  all  sides  is  com- 
posed of  the  Arikaree  ( ?)  sandstone,  perhaps  50  feet  thick,  and  the 
slopes  below  it  of  the  flesh-colored  clay  and  conglomeratic  white 
sandstone  of  the  White  River  formation.  The  lower  part  of  the 
Lance  formation  outcrops  at  the  foot  of  the  mesa  and  forms  the  sur- 
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face  rock  of  most  of  the  township.     It  weathers  to  a  sandy  soil.    The 
strata  are  either  level  or  dip  very  gently  to  the  northeast. 

A  few  lenses  of  lignite  were  observed  in  the  Lance  formation  in  this 
township,  but  none  are  of  sufficient  thickness  to  warrant  mapping. 

T.18V.,B.2X. 

The  divide  between  the  drainage  of  Little  Missouri  River  and  that 
of  the  South  Fork  of  Grand  River  crosses  the  northeast  comer  of 
T.  18  N.,  R.  2  E.  West  of  the  divide  the  land  slopes  gently  to  Valley 
Creek,  but  on  the  east  there  is  an  area  of  pronounced  badlands. 
Strata  of  the  Lance  formation  constitute  the  surface  and  contain  sev- 
eral beds  of  sandstone  but  no  important  bed  of  lignite.  The  strata 
dip  very  gently  to  the  northeast. 

In  T.  19  N.,  R.  2  E.,  the  land  is  low  and  flat  immediately  adjacent  to 
Little  Missouri  River,  which  flows  along  the  west  hne  of  the  town- 
ship, but  to  the  east  the  surface  rises  in  gentle  undulations  to  the 
divide  between  Little  Missouri  and  Grand  rivers.  The  rugged  bad- 
lands which  characterize  the  east  side  of  this  divide  are  in  marked 
contrast  with  the  rolling  topography  on  the  west.  Strata  of  the 
lower  part  of  the  Lance  formation  outcrop  throughout  the  area,  but 
the  rock  structure  is  almost  entirely  obsciu-ed  by  a  heavy  mantle  of 
soil. 

A  few  thin  lenses  of  lignite  occm*  in  the  lower  half  of  the  Lance  for- 
mation. The  most  extensive  bed  is  exposed  in  a  badland  scarp  in 
sec.  26,  where  the  lignite  is  burned  for  almost  half  a  mile 'along  the 
outcrop,  so  that  only  a  single  section  is  exposed. 

Section  of  liffnite  bed  at  location  9,  in  sec.  i6,  T,  19  N.,  R.  S  E. 

Shale,  Bandy.  Ft.    In. 

Lignite,  dirty 3 

Lignite 2      0 

Clay.  

2      3 

T.80H.,B.2E. 

West  of  Little  Missouri  River  the  surface  of  T.  20  N.,  R.  2  E.,  is  low 
and  level,  but  to  the  east  it  is  rolling,  with  a  few  rocky  points  on  the 
divides.  The  Lance,  the  only  formation  that  outcrops  in  the  town- 
ship, is  composed  largely  of  soft  clayey  shale  but  contains  a  few  len- 
ticular, beds  of  sandstone,  much  carbonaceous  shale,  and  a  few  thin 
lenses  of  lignite.  Throughout  a  large  part  of  the  township  the  rock 
structure  is  obscured  by  the  mantle  of  soil  and  grass,  but  in  the 
northeastern  part  the  beds  dip  noticeably  to  the  west  and  northwest, 
although  the  degree  of  dip  is  in  most  places  small. 

The  lowest  lignite  bed  is  exposed  in  a  cut  bank  of  the  river  in  sec. 
4,  where  sections  14  and  15  of  Plate  VII  were  measured.     The  bed  is 


52  THE  LIGNITE  FIELD  OF  NORTHWESTEEN  SOUTH  DAKOTA. 

covered  by  alluvium,  and  as  it  does  not  outcrop  elsewhere  it  is  pre- 
sumed to  be  a  local  lens^  such  as  are  common  in  the  Lance  formation. 
In  the  C  Y  mine  location  14)  an  open  pit  worked  in  the  winter  to 
supply  ranchers  neai*  by  with  fuel,  the  bed  is  3  feet  4  inches  thick  and 
has  a  thin  shale  parting  near  the  middle.  At  location  15  the  bed  is 
more  than  3  feet  8  inches  thick.  Several  beds  occur  above  this  in 
sec.  10,  as  is  shown  by  section  12  (Plate  VII).  The  outcrops  of  the 
highest  and  the  lowest  beds  were  mapped  as  far  as  they  could  be 
traced.  The  uppermost  bed  at  this  point  contains  3  feet  7  inches  of 
dirty  lignite.  The  lowest  is  being  mined  and  contains  good  woody 
lignite  2  feet  3  inches  thick.  The  same  bed  is  mined  at  location  13, 
in  sec.  10,  where  the  following  section  was  measured: 

Section  of  lignite  bed  at  location  IS,  in  sec.  10,  T.  20  N.,  R.2  E, 

Ft.  in. 

Shale  and  lignite  interbedded 1  8 

Lignite,  dirty 11 

Lignite 1  7 

Clay.  

Total  section 4      2 

Total  lignite 2      6 

At  location  10,  in  the  SE.  J  sec.  14,  two  beds  are  exposed.  The 
upper  one,  which  is  2  feet  8  inches  thick,  is  correlated  with  the  upper 
bed  at  location  12  and  is  too  dirty  to  be  of  value;  the  lower  one  is  only 
1  foot  4  inches  thick.  At  location  16,  in  sec.  3,  the  lower  bed  is  1 
foot  4  inches  thick,  but  farther  north  it  is  not  exposed.  At  location 
11,  in  the  NE.  \  sec.  13,  a  strip  pit  has  been  opened  on  a  bed  that 
shows  the  following  section: 

Section  of  lignite  bed  at  location  11,  in  the  NE.  \  sec.  IS,  T.  20  N.,  R.  2  E. 

Ft.    in. 
Shale,  carbonax:eou8,  with  thin  streaJos  of  lignite I      6 

Shale 7 

Shale,  carbonax!eous,  with  thin  streaks  of  lignite 1  10 

Lignite,  extremely  dirty 1  0 

Lignite,  fair 1  8 

Clay. 

Total  section 6      7 

Total  lignite 2      8 

T.  21  H.,  B.  2  E. 

Little  Missouri  River,  which  has  a  narrow  flood  plain  and  several 
high  cut  banks,  meandeoB  across  the  middle  of  T.  21  N.,  R.  2  E., 
from  south  to  north.  The  rest  of  the  township  is  hilly  and  locally 
dissected  into  badlands,  with  cUnker-capped  buttes  as  minor  but 
striking  features.  Willet  post  office,  on  the  stage  route  from  Camp 
Crook  to  Bowman,  is  in  sec.  4.     All  the  outcropping  rocks  belong  to 
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the  Lance  formation,  which  is  made  up  of  somber-colored  clay,  sand- 
stone lenses,  and  soft  shale,  with  numerous  beds  of  carbonaceous 
shale  and  thin  lenses  of  lignite.    The  strata  are  nearly  horizontal  in 
most  of  the  township,  but  in  sees.  8,  9,  and  10  they  dip  locally  4°  W. 
At  location  19  three  thin  lenses  of  lignite  appear  in  a  cut  bank  of 
die  river.     Only  the  middle  and  thickest  one  is  shown  on  Plate  VII. 
Above  this  group  is  a  bed  which  is  thicker  and  more  persistent  than 
most  lignite  beds  in  the  lower  part  of  the  Lance  formation.     At  loca^ 
tion  17,  in  sec.  36,  it  is  represented  by  2  feet  of  dirty  lignite;  at  loca^ 
tion  39,  in  sec.  30  of  the  township  to  the  east,  the  bed  is  3  feet  10  inches 
thick.     (See  PI.  VII.)     At  location  18,  in  sec.  23,  the  bed  occupies 
a  small  area  near  the  top  of  a  high  butte  and  is  4  feet  thick.     In  sec. 
14  the  bed  is  burned  over  a  considerable  area.     At  location  40,  in 
sec.  18  of  the  township  to  the  east,  the  bed  is  4  feet  7  inches  thick, 
and  at  location  21,  in  sec.  12,  it  is  represented  by  3  feet  of  carbona- 
ceous shale,   with  no  lignite.     Section   20,  Plate  VII,   represents 
strata   exposed   on   the   side   of   Lola   Butte,  including  this   bed 
and  other  thin  beds  above  it.     At  location  22  the  bed  is  4  feet  3 
inches  thick,  but  at  location  23,  in  sec.  3,  it  is  composed  of  only  2 
feet  11  inches  of  dirty  lignite  at  the  top,  separated  by  1  foot  6  inches 
of  shale  from  1  foot  of  good  lignite.     West  of  the  river,  in  sec.  6,  the 
same  bed  is  represented  by  section  25,  Plate  VII.    No  exposures  were 
found  in  the  vicinity  of  sec.  18,  but,  to  judge  from  the  thickness  at 
location  25  and  the  small  amoimt  of  baking  caused  by  the  burning 
of  the  bed  farther  south,  it  is  probably  too  thin  to  be  of  value.    The 
same  bed  is  also  exposed  at  several  places  in  the  township  to  the 
north,  but  it  is  thin  and  unimportant.    In  the  northwestern  part  of 
the  township  a  few  high  buttes  are  capped  by  a  heavy  bed  of  clinker 
formed  by  a  burned  lignite  bed  which  occurs  at  a  higher  horizon. 
At  location  26,  in  sec.  5,  a  bed  which  may  correspond  to  one  of  the 
lower  beds  contains  several  thin  benches  of  hgnite,  with  a  total 
thickness  of  1  foot  10  inches. 

T.  22  H.,  B.  2  X. 

little  Missouri  River  flows  northward  across  the  western  part  of 
T.  22  N.,  R.  2  E.  Except  in  the  narrow  valley  of  this  stream  the 
surface  is  rolling  and  grass-covered,  with  small  areas  of  sandy  flats 
in  the  northeastern  part.  The  lower  part  of  the  Lance  formation 
outcrops  throughout  the  township,  except  in  sec.  1,  where  a  small 
area  of  Fox  Hills  sandstone  is  exposed.  The  Lance  is  mostly  sandy 
and  contains  one  bed  of  lignite.  The  rocks  dip  gently  westward, 
except  for  a  local  southeast  dip  in  sec.  25. 

The  thick  lignite  bed  which  oXitcrops  in  the  township  to  the  south 
is  exposed  at  location  24,  near  the  southwest  comer  of  sec.  36,  where 
it  is  but  a  few  inches  thick,  and  at  location  31,  in  the  southeast 
comer  of  sec.  25,  where  it  contains  only  1  foot  of  hgnite.    A  small 
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area  west  of  the  river  is  underlain  by  the  same  bed,  which  is  here 
much  thicker  (3  feet  to  5  feet  9  inches),  as  shown  by  sections  28,  29 , 

and  30,  Plate  VII. 

T.nv.,B.sx. 

T.  23  N.,  R.  2  E.,  drains  into  Little  Missouri  River,  which  meanders 
northward  across  the  west  side  of  the  township.  Within  the 
meanders  are  sandy  alluvial  flats,  and  the  valley  is  bordered  by 
barren  hilly  areas.  In  the  eastern  part  there  is  a  low  and  rather 
smooth  area  underlain  by  the  Fox  HiUs  sandstone  and  fringed  hills 
characteristic  of  the  Lance  formation.  Only  the  very  top — perhaps 
20  feet — of  the  Fox  Hills  sandstone  is  exposed,  and  the  area  covered 
by  it  is  along  the  axis  of  the  Glendive  anticline,  which  extends 
northwest  to  Glendive,  Mont. 

Only  one  section  of  lignite  was  measured,  in  the  west  bank  of  the 
river  at  location  32,  in  sec.  19,  At  this  place  the  bed  is  10  inches 
thick. 

T.ieH.,B.SS. 

The  East  Short  Pine  HiUs  mesa,  which  occupies  a  considerable 
area  in  the  northeastern  part  of  T.  16  N.,  R.  3  E.,  rises  abruptly  to 
an  elevation  nearly  500  feet  above  the  surrounding  prairie  and  forms 
one  of  the  prominent  landmarks  of  this  part  of  the  field.  The  top 
of  the  mesa  is  grass  covered  and  its  sides  are  clothed  by  an  abundant 
growth  of  small  pine  trees,  from  which  is  derived  the  name  Short 
Pine  Hills.  Away  from  the  mesa  the  surface  of  the  township  is 
undulating  and  grass-covered,  except  in  a  narrow  area  about  the 
edge  of  the  mesa,  where  rocks  slumped  from  the  cliff  have  been 
dissected  by  recent  erosion  into  intricate  badland  forms. 

The  soft  somber-colored  sandy  shale  of  the  lower  part  of  the 
Lance  formation  forms  the  surface  of  the  township,  except  in  the 
Short  Pine  Hills,  where  it  is  overlain  imconformably  by  the  White 
River  and  Arikareo  ( ?)  formations.  The  White  River  is  composed 
of  soft  greenish  and  gray  marl  and  sandstone  about  100  feet  thick 
and  contains  numerous  fossil  bones.  The  Arikaree  (?),  which  forms 
the  cap  rock  of  the  mesa,  consists  of  greenish-gray  sandstone  with 
some  conglomerate,  at  least  75  feet  thick. 

The  rocks  exposed  in  this  township  do  not  contain  important  beds 
of  lignite  anywhere  within  its  limits. 

T.  17  H.,  B.  s  E. 

The  East  Short  Pine  Hills,  which  rise  nearly  600  feet  above  the 
surrounding  area,  occupy  the  southeast  comer  of  T.  17  N.,  R.  3  E., 
and  are  surrounded  by  a  mass  of  rocks  slumped  from  the  edge  of 
the  mesa.  The  divide  between  the  eastward  drainage  of  the  South 
Fork  of  Grand  River  and  the  northward  drainage  of  Little  Missouri 
River  extends  northward  from  the  Short  Pine  Hills  for  3  miles  and 
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then  northwestward.  The  crest  of  the  divide  is  a  sharp  line  between 
areas  showing  topography  of  two  different  types.  On  the  west  is 
an  undulating  prairie;  on  the  east  is  a  strip  of  ahnost  impassable 
badlands  locally  known  as  the  Jump-off,  with  sharp  ridges,  deep 
gullies,  and  isolated  buttes. 

The  Arikaree  ( ?)  sandstone  caps  the  Short  Pine  Hills  mesa  and  in 
places  forms  an  impassable  cliff  more  than  100  feet  high.  Below  this 
sandstone  the  soft  rocks  of  the  White  River  formation,  are  exposed 
in  the  steep  slopes  of  the  hills.  A  renmant  of  the  White  River 
formation  occupies  a  small  area  in  sees.  13  and  24.  The  surface  rocks 
of  the  remainder  of  the  township  belong  to  the  lower  part  of  the 
Lance  formation,  which  in  this  area  contains  numerous  carbonaceous 
beds  in  addition  to  the  usual  somber-colored  clay  and  friable  sand- 
stone.   The  strata  dip  gently  to  the  northeast. 

Several  thin  beds  of  lignite  outcrop  in  the  badlands  east  of  the 
divide,  but  only  one  attains  sufficient  thickness  to  warrant  mapping. 
At  location  33,  in  the  SE.  {  sec.  13,  1  foot  of  lignite  is  exposed.  The 
same  bed  at  location  34,  less  than  three-quarters  of  a  mile  to  the 
north,  contains  2  feet  of  lignite.  Except  at  these  two  locaUties,  how- 
ever, the  bed  is  not  known. 

T.  18  H.»  B.  s  E. 

The  divide  .between  the  South  Fork  of  Grand  River  and  Little 
Missouri  River  crosses  the  southwest  corner  of  T.  18  N.,  R.  3  E.  To 
the  west  the  land  is  rolling  and  grass  covered,  but  to  the  east,  for  2 
or  3  miles,  the  area  is  deeply  dissected  into  pronounced  badlands, 
locally  known  as  the  Jump-off.  The  Lance  formation,  composed  of 
somber-colored  sandy  clay  with  scattered  ferruginous  sandstone 
concretion-like  masses,  outcrops  throughout  the  whole  township, 
and  the  strata  dip  gently  northeastward.  No  lignite  bed  of  impor- 
tance is  exposed  in  the  township. 

T.  19  H..  B.  s  X. 

The  Jump-off,  with  its  deeply  dissected  badlands,  continues  north- 
ward through  T.  19  N.,  R.  3  E.,  and  occupies  the  eastern  three- 
fourths  of  it,  but  west  of  the  badlands  the  grass-covered  surface 
slopes  gradually  toward  Little  Missouri  River.  A  few  high  points  on 
the  divide  are  capped  by  a  light-yellow  friable  sandstone  belonging  in 
the  Ludlow  lignitic  member  of  the  Lance  formation.  An  interesting 
slump  of  rocks  of  the  White  River  formation  is  to  be  seen  in  sec.  17, 
partly  on  top  of  the  divide  and  partly  in  a  gully  to  the  east.  The 
age  of  the  rocks  involved  in  the  slump  is  proved  not  only  by  their 
color  and  composition  but  also  by  the  fossils  they  contain.  Their 
presence  in  this  isolated  area,  together  with  other  masses  in  place  on 
the  Short  Pine  Hills,  Slim  Buttes,  and  elsewhere,  indicates  that  the 
White  River  formation  once  covered  a  large  part  of  the  field.    The 
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beds  of  the  Lance  formation  dip  gently  to  the  northeast.  The  posi- 
tions of  the  outcrops  of  three  small  lenses  of  lignite  are  shown  on 
Plate  I  (in  pocket) .  The  lowest,  at  location  36,  in  sec.  9,  is  1  foot  Q 
inches  thick,  but  its  horizontal  extent  is  not  great.  Just  below  the 
base  of  the  Ludlow  lignitic  member  of  the  Lance  is  a  more  persistent 
bed,  exposed  in  sees.  8,  9,  19,  20,  and  30.  At  location  35,  in  sec.  19, 
this  bed  is  represented  by  3  feet  2  inches  of  carbonaceous  shale  with, 
thin  streaks  of  lignite.  At  location  37,  in  the  NW.  {  sec.  9,  there  is 
1  foot  8  inches  of  good  woody  lignite  at  this  horizon.  Several  lignite 
beds  having  thicknesses  of  less  than  1  foot  8  inches  are  exposed  in 
the  badlands  but  are  not  of  sufficient  importance  to  show  on  the  map. 

T.SOH.,B.SS. 

The  surface  of  T.  20  N.,  R.  3  E.  is  rolling  prairie,  but  the  eastern 
third  is  interrupted  by  badlands.  The  surface  rocks  of  the  township 
belongs  to  the  Lance  formation  and  dip  gently  northeastward. 

Lenses  of  lignite,  mostly  less  than  a  foot  thick,  are  found  at  several 
places,  but  none  worthy  of  mapping  was  noticed  in  this  area.  Along 
Gallup  Creek,  in  sec.  20,  a  bed  of  lignitic  shale  with  streaks  of  lignite 
has  burned  to  form  a  thin  clinker.  On  the  line  between  sees.  27  and 
28  is  a  prominent  butte  capped  with  clinker  from  a  bed  which  is  not 
under  cover  in  this  township,  but  probably  corresponds  to  the  bed 
exposed  at  locations  35  and  37,  in  the  township  to  the  south. 

The  surface  in  the  western  and  northeastern  parts  of  T.  21  N.,  R. 
3  E.  is  mostly  gently  undulating  and  grass  covered,  but  small  clinker- 
capped  buttes  rising  here  and  there  form  conspicuous  landmarks. 
In  the  southeastern  part  of  the  township  the  surface  is  rather  rough. 
The  higher  portions  of  the  divide  are  capped  by  the  Ludlow  lignitic 
member  of  the  Lance  formation,  and  the  lower  part  of  the  Lance  is 
the  surface  rock  over  the  rest  of  the  township.  The  strata  are  nearly 
level  along  the  west  side  and  dip  gently  eastward  in  the  eastern  half. 

Lignite  is  exposed  at  several  places  in  the  township  and  has  been 
mined  on  a  small  scale  at  three  locaUties.  The  lower  bed,  which 
contains  the  best  lignite,  crops  out  in  the  two  deepest  valleys  crossing 
the  west  township  hne.  The  lignite  has  been  mined  for  local  use  at 
two  places,  and  sees.  39  and  40  (PI.  VII),  show  it  to  be  of  good  quality 
and  thickness  at  each  place.  The  main  outcrop  of  this  bed  is  in  the 
township  to  the  west  (T.  21  N.,  R.  2  E.),  and  the  description  of  that 
township  gives  more  information  conccmLng  it.  A  bed  of  woody 
lignite  1  foot  3  inches  thick  outcrops  at  location  38,  in  sec.  35,  on  the 
east  side  of  the  divide,  and  may  be  the  same  bed.  By  stripping  off 
the  overburden  a  few  loads  of  fuel  have  been  mined  for  local  use 
at  this  place.  A  lignite  bed  is  exposed  in  several  places  at  the  base 
of  the  Ludlow  lignitic  member  of  the  Lance  formation.    The  bed  has 
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bumed  in  sees.  3, 10, 11, 18,  and  19,  and  its  former  extent  is  indicated 
by  several  clinker-capped  buttes.  At  location  41,  in  sec.  14,  it  is 
represented  by  2  feet  of  dirty  lignite. 

T.  22  v.,  B.  1 E. 

The  rolling  and  grass-covered  surface  of  the  southern  part  of 
T.  22  N.,  R.  3  E.,  is  interrupted  in  sec.  33  by  a  small  area  of  badlands. 
The  central  and  northwestern  parts  are  characterized  by  sand  dunes, 
open  flats,  small  playas,  and  a  few  bare  ^'mud''  buttes.  In  the 
northeastern  part,  which  is  higher,  several  clinker-capped  buttes 
stand  out  in  marked  contrast  to  the  surroimding  plains.  A  spur  of 
Table  Mountain  extends  from  the  east  into  sec.  12. 

The  Fox  Hills  sandstone,  which  forms  the  surface  rock  in  a  small 
&rea  in  sees.  5,  6,  7,  and  8,  is  the  oldest  formation  exposed  in  the 
township.  Peculiar  sandy  flats  and  sand  dimes  are  the  result  of  its 
disintegration.  Overlying  the  Fox  Hills,  and  apparently  conform- 
able with  it,  is  the  Lance  formation,  which  is  composed  of  somber- 
colored  shale  with  a  few  lenticular  beds  of  yellow  sandstone  and  lig- 
nite. The  upper  part  of  the  Lance  (Ludlow  lignitic  member)  is  more 
sandy  and  contains  numerous  ligniter  beds  of  varying  thickness  and 
extent.  A  small  thickness  of  the  upper  member  remains  in  the 
higher  buttes  and  ridges. 

Although  there  are  a  very  few  exposures  from  which  to  judge  the 
geologic  structure,  such  data  as  are  at  hand  point  to  the  conclusion 
that  the  Glendive  anticline  described  by  Calvert  *  is  represented  here 
by  very  low  dips  in  a  southwest  direction. 

Near  the  base  of  the  undifferentiated  part  of  the  Lance,  at  location 
43,  in  sec.  8,  there  is  a  bed  of  lignite  1  foot  thick.  This  bed,  however, 
is  only  a  small  lens  which  does  not  extend  over  any  considerable  area. 
At  location  42,  in  sec.  21,  about  100  feet  higher  in  the  formation,  there 
is  a  lens  of  lignite  less  than  a  foot  thick.  At  the  base  of  the  Ludlow 
lignitic  member  of  the  Lance  there  is  a  variable  unimportant  lignite, 
as  shown  by  the  following  sections,  taken  at  locations  44,  45,  and  46: 

Sections  of  ItgniU  bed  in  T.  22  N.,  R.  3  E. 


LMitkB  44.  8W.  }  MC  12. 

Clay.  Ft.  in. 

Shale,  lignitic 8 

Lignite,  extremel]^  dirty 1    8 

Olay 


Totalsection 2    4 

Totallignite 1    8 


46.    SW.  \  mt.  1. 

Shale. 

Lignite 1  10 

Clay. 


48.  NW.  i  Mc  2. 
Clay.  Ft.  In. 

Lignite 1 

Clay 1 

Lignite 2 

Bone 3 

Lignite 1  1 

Clay 1 

Lignite 4 

Clay.  

Totalsection 2  1 

Totallignite 1  8 


*  CalTcrt,  W.  R.y  {Hologif  of  certain  lignite  fields  in  eastern  Montana:  U.  8.  Geol.  Survey  BuB.  471,  p. 
201,1012. 
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A  still  higher  and  more  valuable  bed  is  present  in  the  NE.  i  sec.  12. 
The  bed  has  been  burned  in  part  of  the  area,  and  its  outcrop  is  con- 
cealed elsewhere  by  talus  from  the  cliff  of  the  mesa  just  east  of  the 
township.  To  judge  from  the  character  of  the  fusion  produced  by 
the  burning,  it  is  probable  that  this  bed  is  more  than  3  feet  thick. 
A  clinker  bed  which  caps  several  high  buttes  in  sees.  1,11,  and  12,  is 
probably  due  to  the  burning  of  this  bed. 

T.23V.,&.SS. 

The  surface  of  T.  23  N.,  R.  3  E.,  is  similar  to  that  of  surrounding 
areas.  The  Lance  is  the  surface  formation  of  the  township,  except 
in  the  southwest  comer,  where  a  smaU  area  of  the  underlying  Fox 
Hills  sandstone  is  exposed.  The  rocks  dip  gently  to  the  east,  in 
accordance  with  the  general  anticlinal  structure  which  is  described 
in  the  discussion  of  T.  23  N.,  R.  2  E. 

Along  a  badland  scarp  in  sec.  30  a  thin  lens  of  lignite,  showing 
the  following  section,  is  exposed  in  the  lower  part  of  the  Lance: 

Section  of  ligniU  bed  at  loeation  47,  in  the  NE.  i  sec.  SO,  T.  tS  K,  R,  S  E. 

• 

Clay,  gray.  Ft.  in. 

Bone,  with  thin  lenses  of  lignite 11 

Lignite,  with  shiny  luster 10 

Clay 4 

Lignite 1 

Clay 1 

Lignite 4 

Clay.  

Total  section 2      7 

Total  lignite 1      3 

At  the  base  of  the  Ludlow  lignitic  member  of  the  Lance  is  a  variable 
bed  of  lignite,  which  has  burned  along  its  outcrop  in  sees.  21  and  22. 
In  the  SW.  \  sec.  22  the  following  section  is  exposed: 

Sectitm  ofligniU  beds  at  location  48,  in  the  SW,  i  see.  ff,  T.  gS  N.,  R.  S  E. 

Shale,  hrown.  Ft.    in. 

Shale,  carbonaceous,  with  thin  streaks  of  lignite 2      6 

Clay 6 

Shale,  carbonaceous 4 

Lignite 10 

Oay 15      0 

Shale,  lignitic 4 

Lignite 11 

Clay.  

Total  section 20      4 

Total  lignite 1      9 

The  lower  bed  of  lignite  represents  the  base  of  the  lignitic  member 
of  the  Lance. 
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T.lfV.»B.4X. 

The  eastern  and  southern  parts  of  T.  16  N.,  R.  4  E.,  are  in  most 
places  rolling  and  grass  coTered,  but  a  few  high  rocky  points  rise 
above  the  general  level  of  the  prairie  and  form  conspicuous  landmarks. 
The  spur  from  the  East  Short  Pine  Hills  in  sec.  7  and  an  outlying 
butte  in  sec.  8  are  the  most  prominent  points.  Between  this  butte 
and  the  mesa  to  the  west  is  an  area  of  rough  badlands. 

Tlie  Lance,  which  is  the  surface  formation  of  most  of  the  township, 
is  composed  largely  of  somber-colored  sandy  shale  with  lenticular  beds 
of  sandstone  and  in  places  thin  beds  of  lignite.  This  formation  is 
succeeded  on  the  slopes  of  the  mesa  and  butte  by  clay  and  marl  of  the 
White  River  formation,  and  these  are  in  turn  overlain  by  the 
Arikaree  ( ?)  sandstone,  which  forms  the  prominent  cliff.  The  strata 
dip  slightly  northeast.    In  this  township  no  lignite  of  value  is  exposed. 

T.nV.,&.4S. 

The  Jump-off,  which  in  T.  17  N.,  R.  4  E.,  marks  the  north  side  of  the 
divide  between  Moreau  River  and  the  South  Fork  of  Grand  River, 
extends  across  the  southern  part  of  the  township.  At  many  places 
along  the  northeast  side  of  the  divide  there  is  a  precipitous  scarp 
with  steep  ridges  and  bare  ''mud"  buttes  carved  from  the  soft  shale 
of  the  lower  part  of  the  Lance  formation.  In  the  northeastern  part 
of  the  township  the  land  is  rolling  and  grass  covered. 

The  lower  imdifferentiated  part  of  the  Lance  formation  constitutes 
the  surface  rock  of  the  entire  township,  but  the  structure  is  almost 
wholly  obscured  by  the  sand  and  soil.  No  Lignite  of  sufficient  thick- 
ness to  warrant  mapping  is  exposed,  but  thin  beds  are  present  at 
several  places  in  the  badlands. 

TPS.  IS  AHD  II  v.,  &.  4  S. 

The  surface  of  Tps.  18  and  19  N.,  R.  4  E.,  is  characterized  by  low 
grass-covered  hills  and  sandy  flats  sloping  gradually  toward  the  South 
Fork  of  Grand  River,  which  flows  through  the  southern  part  of 
T.  19  N.  and  drains  the  entire  area.  Several  ''mud"  buttes  rise  as 
prominent  landmarks  above  the  surrounding  flat  and  present  a  strik- 
ing contrast  to  the  general  rolling  topography  of  the  region.  A  few 
small  areas  of  badlands  are  present  in  the  northern  part  of  T.  19  N. 
Mid  in  the  extreme  southwestern  part  of  T.  18  N. 

The  soil,  which  is  the  result  of  the  disintegration  of  soft  sandy 
shale  and  sandstone  of  the  lower  part  of  the  Lance  formation,  is 
adapted  to  agriculture,  as,  is  shown  by  the  large  number  of  pros- 
perous settlers  who  live  in  the  area.  That  the  rocks  dip  gently  to  the 
southeast  is  assumed  from  the  general  structure  of  the  region  and  from 
a  few  isolated  exposures  in  the  township.  No  bed  of  lignite  thick 
^ough  to  warrant  mapping  is  exposed,  but  there  are  thin  beds  at  a 
number  of  places  in  the  badlands. 
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T.20N..R.4S. 

Several  high,  steep-sided  buttes  along  the  divide  south  of  Jones 
Creek  in  T.  20  N.,  R.  4  E.,  and  the  township  to  the  east  stand  out 
above  the  general  rolling  grass-covered  surface  as  the  most  prominent 
topographic  features  of  the  area.  The  bright-red  clinker  which  caps 
these  buttes  and  which  is  the  result  of  the  burning  of  a  thick  lignite 
bed  is  very  conspicuous  and  forms  the  most  resistant  member  of  the 
rock  series  in  this  part  of  the  field.  Jones  Creek,  one  of  the  few 
perennial  streams  of  the  region,  drains  a  lai^e  part  of  the  township 
and  occupies  a  comparatively  narrow  valley  through  which  it  flows 
in  intrenched  meanders. 

The  Lance  formation  outcrops  through  the  entire  area.  The  lower 
part  is  composed  largely  of  soft  somber-colored  shale  and  clay, 
in  which  occur  numerous  hard,  concretion-like  masses  of  sand. 
The  formation  contains  numerous  fossil  remains  of  such  animals 
as  Triceratops,  Trachodon,  Champsosaurus,  and  Aspideretes,  the 
bones  of  which  appear  scattered  over  the  barren  surface  at  a  number 
of  localities.  Along  the  divides  and  higher  areas  of  the  townships 
the  Ludlow  lignitic  member  of  the  Lance  is  exposed  in  considerable 
thickness  and  contains  beds  of  lignite  of  more  or  less  value.  The 
clinker  caused  by  the  burning  of  one  of  these  lignite  beds  forms  the 
cap  rock  of  several  prominent  buttes  in  the  central  part  of  the  town- 
ship. A  section  of  the  rocks  exposed  in  this  part  of  the  field  is  given 
on  pages  20-21. 

At  the  base  of  the  Ludlow  lignitic  member  is  a  bituminous  shale 
which  locally  contains  thin  lenses  of  lignite.  At  locations  52  and  53, 
in  sec.  35,  there  is  about  1  foot  of  lignite,  and  at  location  54,  in  sec.  26, 
several  feet  of  dark-brown  shale,  with  a  few  inches  of  lignite,  occurs 
at  the  same  horizon.     In  sec.  16  the  following  beds  are  exposed: 

SectUm  of  lignUe  bed  at  locatUm  55,  in  the  SE.  J  uc.  16,  T.  tO  N.,  R,  4  E. 

Clay.                                                                                                  Ft.  liu 

Shale,  bituminous 0  2 

Lignite 1  11 

Shale 1  1 

Lignite 1  4 

Clay.  

Total  section 4  6 

Total  ligpoite 3  3 

The  lignite  is  of  good  quaUty.     At  location  59,  in  sec.  5,  there  is  only 

1  foot  of  lignite  at  this  horizon. 

Above  this  there  are  two  other  beds  of  lignite  of  varying  thickness 
and  quality,  as  well  as  several  bands  of  carbonaceous  shale.  Section 
51  (PI.  VII)  represents  both  beds,  each  of  which  is  about  5  feet  thick 
and  extremely  dirty.     Below  the  lower  bed  and  separated  from  it  by 

2  feet  9  inches  of  shale  is  a  local  bed  2  feet  7  inches  thick.     At  loca- 
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tion  50,  a  few  yards  west  of  location  51,  the  lower  bed  is  3  feet  thick 
and  much  better  in  quality  and  has  been  mined  for  local  use.  Sec-, 
lions  56  and  58  (PL  VII)  represent  the  main  lower  bed  as  exposed  in 
two  small  buttes  in  sees.  14  and  24.  The  total  thicknesses  of  the  bed 
at  these  places  are  6  feet  and  5  feet  7  inches,  respectively.  The 
clinker  that  caps  these  buttes  is  the  result  of  the  burning  of  the  upper 
bed.  Along  the  sides  of  the  butte,  in  sec.  27,  the  bedrock  is  obscured 
by  d6bris  from  the  overlying  rocks  and  no  bed  of  lignite  is  exposed, 
although  such  a  bed  may  be  present. 

T.  21  v.,  &.  4  s. 

The  land  in  the  valley  of  Bull  Creek  in  the  north  half  of  T.  21  N., 
R.  4  £.,  is  rolling  and  grass-covered  but  rises  rather  abruptly  to  the 
high  divide  t6  the  south.    Beyond  the  divide  the  surface  slopes  gently 
toward  Jones  Creek,  which  flows  eastward  across  the  township  south  of 
this  one.    The  South  Cave  Hills  (see  PL  III,  A,  p.  10)  in  the  southeast- 
em  part  of  the  township,  form  one  of  the  most  prominent  topographic 
features  of  the  field.    They  rise  abruptly  250  to  300  feet  above  the 
general  level  of  the  plains,  and  occupy  a  laige  area  in  this  and  adjacent 
townships.    The  massive  light-brown  or  yellowish  sandstone,  which  in 
places  is  as  much  as  80  feet  thick,  stands  out  as  a  sheer  cliff  at  the  top 
of  the  mesa,  and  in  this  township  is  the  only  representative  of  the 
Fort  Union  formation.    Beneath  this  sandstone  is  a  succession  of 
sandy  shale,  sandstone,  and  lignite  beds  that  are  referred  to  the  Lud- 
low lignitic  member  of  the  Lance  formation.    In  this  part  of  north- 
western South  Dakota  the  more  valuable  beds  of  lignite  occur  in  this 
member.    The  lower  part  of  the  Lance  outcrops  in  the  vaUeys  of 
Bull  Creek  and  Jones  Creek. 

Lagnite  beds  of  varying  thickness,  quality,  and  extent  are  exposed  in 
this  township.  The  thickest  and  most  extensive  bed  is  in  the  Ludlow 
lignitic  member  and  outcrops  well  up  on  the  side  of  the  South  Cave 
Hills  mesa.  Its  topographic  location  has  probably  prevented  its 
exploitation.  The  only  bed  from  which  lignite  has  been  mined  is  near 
the  top  of  the  lower  part  of  the  Lance  and  outcrops  along  the  valley  of 
BuU  Creek. 

The  exact  correlation  of  the  several  sections  measured  in  this  town- 
ship is  difficult  because  of  the  lack  of  exposures  and  the  variabiUty 
of  the  lignite  beds.  Four  valuable  beds  in  the  Ludlow  member  of 
the  Lance  are  exposed  at  location  70,  in  the  north  face  of  the  South 
Cave  HiUs,  but  at  no  other  place  in  the  township  is  there  so  complete 
a  section  revealed. 

Three  sections  in  sees.  14  and  15  represent  the  lowest  beds  exposed. 
At  each  of  locations  90A  and  91,  in  the  NW.  J  sec.  14,  2  feet  of  dirty 
lignite  occurs.  It  is  probable  that  the  upper  and  lower  beds  at  loca- 
tion 80  are  the  same  as  those  at  locations  90A  and  91,  respectively. 


62 


THE  LIGNTTB  FIELD  OP  NOBTHWESTERN  SOUTH  DAKOTA. 


SecHxms  oflignUe  beds  at  loeaHan  80,  in  the  NE.  \  see.  IS,  T.  il  N,,  R.  4  E, 

Shale  and  clay.  Ft.  in. 

Lignite 1  11 

Clay,gray 7  0 

Shale,  brown 6 

Lignite 1  4 

Clay. 


Total  section 10      9 

Total  lignite 3      3 

Above  these  beds  and  near  the  top  of  the  lower  part  of  the  Lance 
fonnation  is  a  bed  which  has  considerable  extent,  but  is  not  tliick. 
enough  to  be  of  much  value.  Its  maximum  thickness  (4  feet  6 
inches)  is  exposed  at  location  90,  in  the  NE.  \  sec.  14,  but  a  short  dis- 
tance to  the  north,  at  location  88,  the  bed  is  split  into  (hree  benches 
by  thin  shale  partings.  (See  PI.  VII.)  Sections  measured  at  loca- 
tions 78,  79,  and  92  are  shown  graphically  on  Plate  YII,  but  at  other 
places  the  bed  is  thin,  as  is  shown  by  the  following  sections: 

Sections  of  lignite  bed  4  feet  below  the  top  of  the  lower  part  of  the  Lance  fomuUion. 


LooUioa  7S.  SW.  i 

Clay. 

Shale,  carbonaceous 

Lignite 

Shale. 


Ft.  In. 

8 
1      2 


Locatioii  7S.  SW.  }  sec  22. 

Clay,  sandy.  Ft.  in. 

Lignite 1 

Shale,  brown 

Shale,  carbonaceous 

lignite 1 

Shale.  — 


3 
2 

8 
0 


Total  section 3      1 

Total  lignite 2      3 

LocaUoB  77.  SW.  i 


Lignite, 


1      7 


Totalsection 1    10 

Totallignite 1      2 

LocatloB  75.  SB.  }  mc  21. 

Clay,  sandy. 

lignite,  poor 1  8 

Shale 2  11 

Lignite,  poor 6 

Lignite 1  10 

Shale.  

Totalsection 6  11 

Totallignite 4  0 

At  the  base  of  the  Lu^.low  member  of  the  Lance  there  is  a  thin 
bed  which  was  mapped  in  sees.  30,  31,  and  32,  and  along  the  north- 
west side  of  the  South  Cave  Hills.  It  was  examined  at  locations  60, 
61,  74,  81,  82,  83,  84,  85,  and  89,  and  all  the  sections  except  those  at 
locations  60  and  89  are  shown  graphically  on  Plate  YII.  At  location 
60,  in  sec.  32,  the  bed  contains  only  6  inches  of  Ugnite,  and  at  loca- 
tion 89,  in  sec.  13,  it  is  represented  by  nothing  but  shale. 

In  the  side  of  the  South  Caye  Hills  mesa  within  a  stratigraphic  dis- 
tance of  less  than  100  feet  there  are  at  least  four  beds  of  Ugnite,  as 
shown  by  section  70  (PL  VTI).  The  lowest  bed  is  exposed  at  locar 
tions  68,  70,  71,  and  72  and  ranges  in  thickness  from  9  feet  6  inches 
at  location  72,  in  the  SE.  }  sec.  25,  to  1  foot  2  inches  at  location  68, 
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in  the  SW.  i  sec.  23.  At  location  71  it  is  represented  by  about  4  feet 
of  weathered  lignite.  The  next  higher  bed,  shown  in  sections  69, 
70,  and  86  (PI.  VII),  is  16  feet  above  the  lowest  bed  at  location  70 
ind  ranges  in  thickness  from  2  feet  6  inches  at  location  86  to  5  feet 
5  inches  at  location  69.  About  12  feet  above  this  bed  is  a  third  bed, 
represented  by  sees.  62,  63,  65,  66,  67,  70,  and  87,  (PI.  VII),  which 
is  the  only  persistently  thick  bed  outcropping  in  this  township.  Its 
thickness  ranges  from  4  feet  1  inch  at  location  70  to  8  feet  9  inches 
at  location  66.  The  highest  bed  is  partly  exposed  at  only  one  place 
in  this  township.     (See  section  64,  PL  VII.) 

T.  n  N.,  B.  4  X. 

Table  Mountain,  a  high  mesa  with  rocky  slopes  similar  to  those  of 
the  Cave  Hills,  occupies  the  northwest  comer  of  T.  22  N.,  R.  4  E. 
This  mesa  and  a  series  of  high  buttes  along  the  divide  to  the  south- 
east form  prominent  landmarks  of  the  region,  rising  several  hundred 
ieet  above  the  smrounding  coimtry.    Surroimding  the  mesa  is  an 
area  of  rather  elevated  rolling  grass-covered  coimtry  where  the  soil 
13  fertile  enough  to  attract  niunerous  settlers,  who  can,  by  dry-farm- 
ing methods,  raise  good  crops  of  small  grains,  potatoes,  flax,  etc. 
Most  of  the  area  is  drained  toward  the  southeast  by  two  small  streams 
that  occupy  broad,  open  valleys,  but  the  northeastern  part  is  drained 
eastward  by  Crooked  Creek.    The  Fort  Union  formation  is  repre- 
sented in  this  township  by  the  sandstone  that  caps  Table  Moimtain 
and  several  isolated  buttes  to  the  south.    Beneath  this  sandstone 
there  are  exposed  friable  yellow  sandstone  and  sandy  shale,  contain- 
ing numerous  carbonaceous   and  lignitic  beds.    These  rocks   are 
referred  to  the  Ludlow  Ugnitic  member  of  the  Lance  formation. 
The  upper  part  of  the  somber-colored  shale  which  constitutes  the 
lower  part  of  the  Lance  is  exposed  in  the  deeper  valleys.    The  rocks 

<lip  uniformly  to  the  east  at  about  45  feet  to  the  mile. 
The  lowest  lignite  bed  exposed  is  in  the  Lance  formation  at  location 

93,  in  sec.  33. 

Section  of  liffniU  bed  at  locatum  9S,  in  the  SE.  i  see.  3S,  T,  it,  N.,  R.  4  E, 

Sand,  yeUow.  Ft.  in. 

Lignite,  dirty,  variable  in  thickness 4 

Clay 2  0 

Lignite 2  2 

Clay. 

Total  section 4  6 

Total  lignite 2  6 

This  bed  is  only  a  small  lens,  but  a  strip  pit  has  been  opened  on  it 
and  lignite  is  being  mined  for  local  use. 

In  this  township,  as  in  other  parts  of  the  field,  a  thin  bed  is  present 
in  some  places  at  the  base  of  the  Ludlow  member  of  the  Lance.    At 
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location  94,  in  the  SW.  {  sec.  34,  there  is  1  foot  1  inch  of  good  lignite; 
at  location  119,  in  the  NE.  i  sec.  18,  2  feet;  and  at  location  113,  ia 
sec.  13,  the  bed  is  thin  and  badly  split  up  by  partings,  as  is  shown  by 
the  following  section: 

Section  of  lignite  bed  at  location  113,  in  see.  IS,  T.  tt  N.,  R,  4  E. 

Shale.  Ft.    in. 

Lignite 8 

Clay 1 

Lignite 5 

Shale IJ 

Clay 3 

Lignite 8 

Clay.  

Total  section 2      2i 

Total  lignite 1      9 

The  most  persistent  and  thickest  bed  exposed  in  this  township  is 
less  than  50  feet  above  the  base  of  the  Ludlow  member.  In  several 
smaU  isolated  areas  at  locations  95,  96,  and  97,  in  sees.  27,  34,  and  35, 
the  bed  is  under  a  rather  thin  cover.  At  location  97  it  contains  only 
2  feet  2  inches  of  poor  lignite,  but  at  the  other  two  locations  the  bed 
is  more  valuable.  (See  PI.  VII.)  In  sec.  28  the  bed  has  biuned  and 
the  resulting  clinker  caps  a  large  low  butte.  At  locations  98  and  99, 
in  sec.  17,  measurements  show  4  feet  and  4  feet  2  inches  of  lignite, 
respectively,  and  at  location  99  a  strip  pit  has  been  opened  and 
lignite  mined  for  local  use.  No  good  exposures  were  found  in  sees. 
7,  8,  or  9,  the  1  foot  6  inches  of  lignite  exposed  at  location  110  prob- 
ably representing  only  the  upper  part  of  section  99.  Sections  103, 
104,  105,  106,  107,  108,  111,  123,  and  124,  on  Plate  VII,  show  the 
character  of  the  bed  where  exposed  in  the  northern  part  of  the  town- 
ship, the  maximimi  thickness  being  more  than  8  feet  at  location  105, 
in  sec.  12.  Some  lignite  has  been  mined  from  this  bed  for  local  use 
at  location  103,  in  the  NE.  \  sec.  24,  and  at  location  123,  in  the  NE. 
\  sec.  6. 

A  minor  lignite  bed  above  this  bed  crops  out  in  sees.  5, 17,  and  20. 
At  location  120  it  contains  2  feet  6  inches  of  poor  lignite,  and  at  loca- 
tion 109  there  is  2  feet  9  inches  of  lignite.  At  location  102,  in  the 
SE.  J  sec.  17,  there  is  1  foot  8  inches  of  lignite,  but  at  location  101,  in 
the  NW.  i  sec.  20,  the  bed  is  represented  by  a  few  inches  of  carbona- 
ceous shale. 

Still  another  good  bed  imderlies  the  higher  part  of  the  mesa,  where 
its  outcrop  is  usually  covered  by  debris  slumped  from  the  rim  rocks 
above.  Several  measurements  were  obtained,  however,  which  are 
shown  by  sections  100,  112,  114,  115,  117,  118,  121,  and  122,  on 
Plate  VII.  The  bed  ranges  in  thickness  from  2  feet  9  inches  at  loca- 
tion 117,  to  6  feet  10  inches  at  location  114.    At  locations  118  and  122 
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anall  stxip  pits  have  been  opened  from  which  near-by  farmers  obtain 
their  supply  of  fuel. 

Below  the  rim  rock  at  location  116,  in  sec.  8,  a  1-foot  9-inch  bed  of 
lignite  is  exposed,  but  it  is  probably  not  persistent. 

T.  23  N.,  B.  4  S. 

The  western  and  northern  parts  of  T.  23  N.,  R.  4  E.,  are  drained  by 
tributaries  of  the  North  Fork  of  Grand  River,  and  the  southeastern 
part  by  tributaries  of  Crooked  Creek.  Sloping  away  from  the  com- 
paratively level  upland  area  in  the  central  part  of  tiie  township  is  a 
roUingy  grass-covered  coimtry,  which  on  the  west  is  somewhat  dis- 
sected into  badlands.  A  striking  topographic  feature  in  the  eastern 
hatf  of  the  township  consists  of  the  large  number  of  reddish  hills 
capped  by  baked  rocks  caused  by  the  burning  of  the  main  lignite  bed. 
The  eastern  two-thirds  of  the  township  is  well  settled,  but  the  west- 
em  two  tiers  of  sections  are  for  the  most  part  not  suitable  for  farm- 
ing, as  they  are  decidedly  rough  and  the  soil  is  rather  infertile. 

The  rocks  exposed  in  the  township  belong  to  the  Lance  formation 
and  have  a  total  thickness  of  about  250  feet.  The  upper  150  feet 
contains  thin  beds  of  Ugnite  which,  in  the  main,  are  of  little  value  and 
in  places  merge  horizontally  into  brown  carbonaceous  shale.  This 
part  of  the  formation  is  differentiated  as  the  Ludlow  lignitic  member. 
The  strata  are  nearly  horizontal  but  have  a  slight  eastward  dip  of 
about  40  feet  to  the  mile. 

The  only  good  bed  of  lignite  in  this  township  is  in  the  lower  part  of 

the  Ludlow  Ugnitic  member  of  the  Lance  formation.    Sections  were 

measured  on  it  at  locations  124,  125,  126,  128,  129,  130,  131,  and  133. 

The  measurements  obtained  at  these  points  are  shown  graphically 

on  Plate  VI.    The  thickest  section  was  that  measured  at  location  131, 

in  a  strip  pit  in  the  northeast  corner  of  sec.  26,  where  7  feet  5  inches  of 

lignite  is  exposed.    The  bed  at  that  place  is  separated  by  22  feet  of 

shale  with  some  lignite  from  a  lower  bed  of  lignite  about  2  feet  6  inches 

thick.    The  same  bed  is  worked  in  small  strip  pits  at  locations  130, 

125,  and  124,  in  sees.  22,  29,  and  32,  respectively.    At  these  places 

the  lignite  appears  to  be  of  rather  low  grade  and  impure,  being  much 

broken  up  by  thin  shale  partings  with  streaks  of  dirty  lignite.    This 

bed  is  possibly  the  same  as  the  one  at  the  Durkin  mine,  in  sec.  34,  T. 

130  N.,  R.  103  W.,  N.  Dak.     In  the  eastern  part  of  the  township  the 

lignite  has  burned  extensively  along  the  outcrop.    The  maximum 

thickness  of  the  strata  overlying  the  bed  is  75  feet. 

Below  the  main  bed  are  several  beds  less  than  2  feet  6  inches  thick. 
One  of  these  is  exposed  in  sees.  20  and  21,  and  at  location  132,  in  the 
NW.  \  sec.  21 9  it  has  a  thickness  of  2  feet  1  inch.  Another  minor  bed 
45  feet  above  the  main  bed  is  exposed  at  location  127,  in  the  SW.  i 
sec.  21,  where  it  is  2  feet  6  inches  thick. 

24015*»— BuU.  627—16 & 


66  THE  LIGNITE  FIELD  OP  NOETHWESTERN  SOUTH  DAKOTA. 

TPB.  le,  17,  18,  AND  19  V.,  &.  S  X. 

The  area  embraced  in  Tps.  16, 17, 18,  and  19  N.,  R.  5  E.,  extends  from 
the  southern  boundary  of  the  field  to  a  point  within  about  4  miles  north 
of  Buffalo,  the  county  seat  of  Harding  County.  For  the  most  part  the 
surface  is  gently  undulating  and  grass-covered,  sloping  toward  the 
South  Fork  of  Grand  River  on  the  north  and  toward  Moreau  River 
on  the  south.  Areas  of  migrating  sand  dimes  are  common  in  T.  18  N., 
and  badlands  carved  from  the  soft  sandy  shale  of  the  lower  part  of  the 
Lance  formation  occur  along  the  divide  between  the  two  drainage 
systems.  A  few  barren  "mud"  buttes  relieve  the  monotony  of  the 
landscape  in  the  southern  part  of  the  area.  Except  in  the  part  of  the 
area  north  of  South  Fork  of  Grand  River,  the  land  is  largely  unsettled 
and  is  used  for  sheep  range.  The  only  permanent  stream  is  the  South 
Fork  of  Grand  River,  and  even  that  is  nearly  dry  in  the  summer 
season. 

The  shale  of  the  lower  part  of  the  Lance  formation  occupies  the 
surface  of  the  area,  and  although  there  are  numerous  carbonaceous 
beds  in  the  formation,  at  only  one  place  is  lignite  known  to  be  present. 
A  small  strip  pit  at  location  134,  in  sec.  12,  T.  17  N.,  R.  5  E.,  has  been 
opened  on  a  bed  having,  a  thickness  of  1  foot  6  inches  and  has  yielded 
considerable  fuel  for  the  ranchers  near  by.  No  appreciable  Structure 
is  evident  in  this  area. 

T.  20  v..  &.  s  X. 

The  surface  of  the  two  southern  tiers  of  sections  in  T.  20  N.,  R.  5  E., 
is  gently  roUing,  with  a  high  clinker-capped  butte  in  sec.  30  and  a  flat- 
topped  butte  capped  by  resistant  sandstone  in  sec.  36.  The  surface 
of  the  rest  of  the  township  is  roughly  rolUng,  except  that  part  oc- 
cupied by  the  Cave  Hills  and  the  outlying  buttes,  which  rise  about 
300  feet  above  the  average  surface  of  the  plain.  The  area  is,  for  the 
most  part,  too  rough  and  broken  for  agriculture  and  is  used  almost 
entirely  for  stock  raising. 

Shale  of  the  lower  part  of  the  Lance  formation  crops  out  in  the 
broad  valleys  but  is  succeeded  on  the  divides  by  the  soft  sandstone 
and  sandy  shale  of  the  Ludlow  lignitic  member  of  the  Lance.  The 
tops  of  the  mesas  and  buttes  are  capped  by  the  lowest  sandstone  of 
the  Fort  Union  formation.  A  small  remnant  of  the  White  River  for- 
mation occurs  on  the  top  of  the  mesa  in  sec.  5.  The  strata  dip  gently 
to  the  northeast. 

Four  different  beds  of  lignite  are  present,  but  the  thickest  and  most 
extensive  is  in  the  Ludlow  Ugnitic  member  of  the  Lance.  One  drift 
mine  and  several  strip  pits  have  been  operated  in  this  township.  The 
largest  operation  is  at  the  Hilton  mine  (see  section  144,  PL  VII),  in 
sec.  6,  where  a  drift  has  been  driven  120  feet  into  the  hill  on  a  bed 
showing  the  following  section; 
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Section  of  lignite  bed  in  Hilton  mine. 

Ft.      In. 

(roof) 1  11 

Shale 6 

lignite  (sampled  for  analysiB) 2  10 

Shale 1 

Ufi^te  (sampled  for  aoalyus) 4  4 

Shale,  reported 2  0 

Ugliite 2  0 

T6tal  section 13      8 

Total  lignite 9      2 

The  ti^o  middle  benches,  aggregating  7  feet  2  inches  of  hgnite,  are 
mined ;  but  the  upper  bench  is  left  for  roof.  A  sample  of  the  Ugnite  was 
taken  for  analysis  (No.  13221,  p.  42)  and  found  to  contain  a  large  per- 
centage of  ash.  At  location  141,  in  sec.  20,  the  following  section  on 
the  same  bed  is  exposed  in  a  strip  pit: 

SecHon  of  lignite  bed  at  location  141,  in  the  SW.  i  ue,  fO,  T.  SO  N.,  R.  5  E. 

Clay,  gray  to  brownish.                                                                    Ft.  Jn. 

Lignite,  dirty 4 

Shale,  brown,  and  gray  clay 5  0 

Lignite 6 

Clay,  gray 1  10 

Lig^te 1  9 

(3ay,  gray.  

Total  section 9      5 

Total  lignite 2      7 

Two  small  strip  mines,  at  locations  137  and  138,  have  been  opened 
on  a  bed  in  the  lower  part  of  the  Lance,  but  owing  to  the  thinness  of 
the  bed  (1  foot  7  inches  and  2  feet  4  inches,  respectively)  the  amoimt 
of  fuel  removed  from  each  place  has  been  small.  This  bed  is  exposed 
also  at  locations  135  and  139,  where  it  has  thicknesses  of  1  foot  10 
inches  and  2  feet,  respectively. 

The  carbonaceous  bed  that  marks  the  base  of  the  Ludlow  member 
of  the  Lance  was  examined  at  two  places.  At  location  136  it  is 
represented  by  20  feet  of  carbonaceous  shale  with  thin  streaks  of 
lignite,  and  at  location  142  there  is  a  bed  of  dark  shale  several  feet 
thick  but  no  lignite. 

The  bed  opened  at  the  Hilton  mine  is  exposed  at  two  other  places 
Qocations  145  and  146),  at  neither  of  which  is  the  hgnite  thick  or 
dean.    The  following  section  was  measured: 

Sectum  of  lignite  bed  at  location  145,  in  the  8W,  i  sec.  4,  T.  20  N.,  R.  5  E. 

Shale,  brown.                                                                                Ft.  in. 

Bone,  very  sandy,  purplish,  of  variable  thickness;  maximum 3  0 

Clay,  brown,  of  variable  thickness;  maximum 2  0 

Lignite,  dirty,  variable  in  thickness 8 

Shale 4 

Lignite 1  6 

Shale.  

Total  section 7  6 

Total  lignite 2  2 
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At  location  146,  in  the  NW.  J  sec.  4,  there  is  only  a  few  inches  of 
lignite  in  this  bed.  The  lignitic  shale  at  location  143^  in  sec.  12,  is 
supposed  to  be  at  the  same  horizon.  The  highest  bed  outcrops 
around  the  butte  in  sees.  19  and  20,  and  at  location  140  it  contains 
6  feet  7  inches  of  impure  lignite.  Rattlesnake  Butte,  in  sec.  30,  is 
capped  by  clinker  from  this  bed. 

Parts  of  both  the  North  and  South  Cave  Hills  lie  m  T.  21  N.,  R. 
6  E.,  the  North  Cave  HiUs  occupying  the  northeast  comer  and  the 
South  Cave  Hills  £he  southwest  corner.  Between  them  are  the 
broad,  rolling  valleys  of  BuU  Creek  and  its  tributaries  Dry  and  Camel 
creeks.  Bull  Creek,  one  of  the  few  perennial  streams  of  the  region, 
crosses  the  township  from  west  to  east  in  a  broadly  meandering  course 
and  receives  the  nm-off  from  the  whole  area.  On  both  sides  of  its 
narrow,  steep-sided  channel  the  surface  rises  in  gently  rolling,  grass- 
covered  slopes  to  the  bases  of  the  mesas. 

The  Cav^  Hills  mesas  cover  an  area  of  several  square  miles  and 
rise  several  hundred  feet  above  the  surroimding  country  m  almost 
impassable  cliffs.  In  this  township  several  narrow,  flat-topped  ridges, 
separated  by  deep  box  canyons,  extend  beyond  the  main  area  of  the 
mesas  and  give  the  surface  a  very  rugged  appearance.  A  lai^e  butte 
in  sec.  18  and  two  smaller  ones  in  sees.  19  and  20  are  capped  by  the 
same  resistant  yellow  sandstone  as  the  principal  mesas.  Below  the 
cap  rock  of  the  mesa  there  is  a  steep  talus  slope,  on  which  are  large 
blocks  of  sandstone,  slumped  down  from  the  cliff,  which  make  the 
area  almost  impassable. 

The  Lance  formation  outcrops  in  the  valleys,  but  the  cap  rock  of 
the  mesas  and  the  prominent  buttes  belongs  to  the  Fort  Union  forma- 
tion. There  is  a  small  area  of  White  River  formation  in  sees.  31  and 
32.  In  most  places  the  beds  dip  northeastward  about  50  feet  to  the 
mile,  but  in  sec.  24  and  in  a  narrow  area  to  the  northwest  they  dip 
toward  the  southwest.  The  general  northeasterly  dip  apparently 
prevails  in  the  northeast  corner  of  the  township. 

Several  lignite  beds,  varying  in  thickness  and  quality,  outcrop  in 
this  township.  Because  of  the  variability  of  the  beds  and  the  lack 
of  exposures  the  exact  correlation  of  beds  between  sections  is  in 
many  places  very  difficult. 

The  lowest  li^ite  bed  is  about  50  or  60  feet  below  the  base  of  the 
Ludlow  lignitic  member  of  the  Lance  and  is  the  most  extensive  bed  in 
the  township.  (Exposed  at  locations  147  to  159  and  174,  PI.  I.)  It  is 
at  approximately  the  same  horizon  as  the  lowest  exposed  bed  in  T.  20  N., 
R.  5  E.  At  location  147,  in  sec.  36,  there  is  no  lignite,  the  bed  being 
represented  by  several  feet  of  brown  and  black  shale.  To  the  west 
the  bed  thickens  rapidly,  showing  3  feet  9  inches  of  good  lignite  at 
location  148,  in  sec.  34,  where  it  is  mined  for  local  use.     (See  PI.  YH.) 
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Up  I>ry  Creek,  west  of  locations  149  and  150,  there  are  no  exposures 

of  lignite,  but  a  very  small  amount  of  clinker  in  the  northeastern  part 

of  sec.  21  probably  represents  the  same  bed  and  it  is  assumed  that 

the  l>ed  is  thin  or  absent  west  of  the  center  of  sec.  21.    Along  the 

south  side  of  Bull  Creek  the  bed  ranges  in  thickness  from  a  few  inches 

at  location  151  to  1  foot  3  inches  at  location  152,  2  feet  10  inches  at 

location  153,  and  6  feet  5  inches  at  location  155.     North  of  Bull 

Creeky  at  location  157,  in  sec.  14,  there  is  a  small  strip  pit  on  the  bed, 

which  is  here  5  feet  4  inches  thick.    At  location  158  the  same  bed 

ha3  a  total  thickness  of  5  feet  11  inches  but  is  dirty  and  split  into 

three  benches.    At  location  159  it  contains  only  3  feet  6  inches  of 

dirty  lignite.    To  the  northwest,  beyond  location  157,  the  outcrop  is 

concealed,  but  at  location  174,  in  sec.  4,  a  bed  more  than  4  feet  9 

inches  thick  is  supposed  to  represent  the  same  horizon.     The  outcrop 

of  this  bed  of  lignite  is  particularly  weU  situated  for  opening  extensive 

strip  pits,  the  most  economical  method  of  mining  at  the  present  time. 

Lignite  at  the  base  of  the  Ludlow  lignitic  member  of  the  Lance  is 

exposed  at  two  places  in  the  township,  where  the  sections  are  as 

follows: 

Sections  of  liffnile  bed  at  the  base  of  the  Lvdlow  lignitic  member  of  the  Lance  formation  in 

T.  21  N.,  R.  5  E. 


LotttloolSS.  NW.}0M.19. 

Sand.  Ft.  In. 

lignite,  dirty 1      5 

Lignite 2      0 

Clay.  

Totallignite 3      5 


LocatloB  184.  West  ilde  of  NE.  \ 

Shale,  brown  to  black.  Ft.  in. 

Lignite 1      4 

Lignite,  very  dirty 1      2 

Clay.  

Totallignite 2      6 


A  small  strip  pit  has  been  opened  at  location  183,  but  little  lignite 
has  been  mined  from  it. 

In  the  South  Cave  Hills  four  lignite  beds  of  varying  thickness  and 

quality  are  exposed  above  the  base  of  the  Ludlow  lignitic  member  of 

the  Lance.    Although  there  is  more  than  3  feet  of  lignite  at  two  or 

Baore  places  the  beds  are  not  regular  in  thickness  and  mining  has  been 

^dertaken  only  at  location  185,  in  sec.  30.   Lack  of  exposures  along 

^  outcrops  of  the  beds  prevents  exact  correlation,  but  the  following 

?  ®*«flJent  indicates  the  approximate  relation  of  sections  measured 

^  ^iis  part  of  the  township: 

delation  of  lignite  beds  in  southwestern  part  of  T.  21  N.^  R.  5  E. 
^^^Smt^  bed  shown  in  scctionfl  179  and  180,  Plate  VII,  and  section 

f  ^^f  page  70.  Feet. 

/jaterval 50 

X^f^^^  bed  shown  in  sections  188,  189,  and  190,  page  70. 
/^t^ryr^ [     / \^ 2^ 

P^^t^  hed  shown  in  sections  181,  182,  and  185,  Plate  VII,  and  sec- 
^J^  l86,  188,  and  191,  page  70. 
/^^^^l 30 

bed  shown  in  section  185,  Plate  VII,  and  section  187,  page  70. 
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T.20N.,R.4S. 

Several  high,  steep-sided  buttes  along  the  divide  south  of  Jones 
Creek  in  T.  20  N.,  R.  4  E.,  and  the  township  to  the  east  stand  out 
above  the  general  rolling  grass-covered  surface  as  the  most  prominent 
topographic  features  of  the  area.  The  bright-red  cUnker  which  caps 
these  buttes  and  which  is  the  result  of  the  burning  of  a  thick  lignite 
bed  is  very  conspicuous  and  forms  the  most  resistant  member  of  the 
rock  series  in  this  part  of  the  field.  Jones  Creek,  one  of  the  few 
perennial  streams  of  the  region,  drains  a  large  part  of  the  township 
and  occupies  a  comparatively  narrow  valley  through  which  it  flows 
in  intrenched  meanders. 

The  Lance  formation  outcrops  through  the  entire  area.  The  lower 
part  is  composed  largely  of  soft  somber-colored  shale  and  clay, 
in  which  occur  numerous  hard,  concretion-like  masses  of  sand. 
The  formation  contains  numerous  fossil  remains  of  such  animals 
as  Triceratops,  Trachodon,  Champsosaurus,  and  Aspideretes,  the 
bones  of  which  appear  scattered  over  the  barren  surface  at  a  number 
of  localities.  Along  the  divides  and  higher  areas  of  the  townships 
the  Ludlow  lignitic  member  of  the  Lance  is  exposed  in  considerable 
thickness  and  contains  beds  of  lignite  of  more  or  less  value.  The 
clinker  caused  by  the  burning  of  one  of  these  lignite  beds  forms  the 
cap  rock  of  several  prominent  buttes  in  the  central  part  of  the  town- 
ship. A  section  of  the  rocks  exposed  in  this  part  of  the  field  is  given 
on  pages  20-21. 

At  the  base  of  the  Ludlow  lignitic  member  is  a  bituminous  shale 
which  locally  contains  thin  lenses  of  Ugnite.  At  locations  52  and  53, 
in  sec.  35,  there  is  about  1  foot  of  lignite,  and  at  location  54,  in  sec.  26, 
several  feet  of  dark-brown  shale,  with  a  few  inches  of  lignite,  occurs 
at  the  same  horizon.    In  sec.  16  the  following  beds  are  exposed: 

Section  ofligniU  bed  at  locatian  55,  in  the  SE.  i  sec.  16,  T.  20  N.,  R.  4  E. 

Clay.                                                                                                  Ft.  in. 

Shale,  bituminous 0  2 

Lignite 1  11 

Shale 1  1 

Lignite 1  4 

Clay.  

Total  section 4  6 

Total  lignite 3  3 

The  lignite  is  of  good  quaUty.     At  location  59,  in  sec.  5,  there  is  only 

1  foot  of  lignite  at  this  horizon. 

Above  this  there  are  two  other  beds  of  Ugnite  of  varying  thickness 
and  quality,  as  well  as  several  bands  of  carbonaceous  shale.  Section 
51  (PI.  VII)  represents  both  beds,  each  of  which  is  about  5  feet  thick 
and  extremely  dirty.    Below  the  lower  bed  and  separated  from  it  by 

2  feet  9  inches  of  shale  is  a  local  bed  2  feet  7  inches  thick.    At  loca- 
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tion  50,  a  few  yards  west  of  location  51,  the  lower  bed  is  3  feet  thick 
and  much  better  in  quality  and  has  been  mined  for  local  use.  Sec-. 
tions  56  and  58  (PL  VII)  represent  the  main  lower  bed  as  exposed  in 
two  small  buttes  in  sees.  14  and  24.  The  total  thicknesses  of  the  bed 
at  these  places  are  6  feet  and  5  feet  7  inches,  respectively.  The 
clinker  that  caps  these  buttes  is  the  result  of  the  burning  of  the  upper 
bed.  Along  the  sides  of  the  butte,  in  sec.  27,  the  bedrock  is  obscured 
by  d6bris  from  the  overlying  rocks  and  no  bed  of  lignite  is  exposed, 
although  such  a  bed  may  be  present. 

T.  21  v.,  B.  4  X. 

The  land  in  the  valley  of  Bull  Creek  in  the  north  half  of  T.  21  N., 
B.  4  E.,  is  rolling  and  grass-covered  but  rises  rather  abruptly  to  the 
high  divide  t6  the  south.  Beyond  the  divide  the  surface  slopes  gently 
toward  Jones  Creek,  which  flows  eastward  across  the  township  south  of 
this  one.  The  South  Cave  Hills  (see  PL  III,  A,  p.  10)  in  the  southeast- 
ern part  of  the  township,  form  one  of  the  most  prominent  topographic 
features  of  the  field.  They  rise  abruptly  250  to  300  feet  above  the 
general  level  of  the  plains,  and  occupy  a  lai^e  area  in  this  and  adjacent 
townships.  The  massive  light-brown  or  yellowish  sandstone,  which  in 
places  is  as  much  as  80  feet  thick,  stands  out  as  a  sheer  cliff  at  the  top 
of  the  mesa,  and  in  this  township  is  the  only  representative  of  the 
Fort  Union  formation.  Beneath  this  sandstone  is  a  succession  of 
sandy  shale,  sandstone,  and  lignite  beds  that  are  referred  to  the  Lud- 
low lignitic  member  of  the  Lance  formation.  In  this  part  of  north- 
western South  Dakota  the  more  valuable  beds  of  lignite  occur  in  this 
member.  The  lower  part  of  the  Lance  outcrops  in  the  valleys  of 
Bull  Creek  and  Jones  Creek. 

Lignite  beds  of  varying  thickness,  quaUty,  and  extent  are  exposed  in 
this  township.  The  thickest  and  most  extensive  bed  is  in  the  Ludlow 
lignitic  member  and  outcrops  well  up  on  the  side  of  the  South  Cave 
Hills  mesa.  Its  topographic  location  has  probably  prevented  its 
exploitation.  The  only  bed  from  which  lignite  has  been  mined  is  near 
the  top  of  the  lower  part  of  the  Lance  and  outcrops  along  the  valley  of 
Bull  Creek. 

The  exact  correlation  of  the  several  sections  measured  in  this  town- 
ship is  difficult  because  of  the  lack  of  exposures  and  the  variability 
of  the  lignite  beds.  Four  valuable  beds  in  the  Ludlow  member  of 
the  Lance  are  exposed  at  location  70,  in  the  north  face  of  the  South 
Cave  Hills,  but  at  no  other  place  in  the  township  is  there  so  complete 
a  section  revealed. 

Three  sections  in  sees.  14  and  15  represent  the  lowest  beds  exposed. 
At  each  of  locations  90A  and  91,  in  the  NW.  i  sec.  14,  2  feet  of  dirty 
lignite  occurs.  It  is  probable  that  the  upper  and  lower  beds  at  loca- 
tion 80  are  the  same  as  those  at  locations  90A  and  91,  respectively. 
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number  of  red-capped  hills.  The  total  relief  in  the  township  is 
450  to  500  feet;  the  lowest  points  are  near  the  Riley  ranch,  in  sec. 
24,  and  near  Cox  post  office,  in  sec.  4,  and  the  highest  points  on  top 
of  the  North  Cave  Hills  in  sees.  21  and  36,  where  the  altitude  is 
about  3,450  feet  above  sea  level. 

The  northern  and  eastern  parts  of  the  township  are  drained  by 
Crooked  Creek  and  its  tributaries,  and  the  southwestern  part  by 
Camel  Creek.  Crooked  Creek,  which  is  fed  by  numerous  springs 
that  issue  from  the  lignite  beds  or  from  the  base  of  the  rim  rock  of 
the  Cave  Hills,  is  one  of  the  few  perennial  streams  of  the  region. 
Springs  yielding  small  streams  of  pure  cold  water  occur  near  the 
Cox  ranch,  in  sec.  3,  the  Craig  ranch,  in  sec.  17,  and  the  Riley  ranch, 
in  sec.  24,  as  well  as  at  other  places  in  all  parts  of  the  township. 
The  water  from  these  springs  contains  little  or  no  alkaU,  because  the 
rocks  from  which  it  issues  are  calcareous  and  contain  but  a  very 
small  percentage  of  alkaline  salts.  A  number  of  well-known  ranches 
are  situated  in  different  parts  of  this  township,  and  outside  of  the 
Sioux  National  Forest  homesteaders  have  recently  taken  up  claims 
and  are  attempting  to  farm  the  land. 

The  lowest  rocks  exposed  in  the  vicinity  of  the  Cave  Hills  con- 
sist of  shale,  sandstone,  and  lignite  beds  belonging  to  the  Lance 
formation.  The  shale  is  dark  in  color  and  somewhat  sandy  and 
weathers  to  a  semigumbo  soil  that  supports  only  scanty  vegetation. 
The  rocks  are  decidedly  cross-bedded  and  vary  greatly  in  composi- 
tion. The  shale  contains  a  large  number  of  iron  carbonate  nodules 
of  varying  size,  the  largest  several  inches  in  diameter.  In  shape 
they  are  roundish,  elongated,  or  flat.  These  nodules  on  an  oxidized 
surface  are  brown  to  reddish,  but  on  fresh  fracture  have  a  light- 
gray  or  drab  color.  The  Ludlow  lignitic  member  of  the  Lance, 
which  includes  nearly  all  of  the  formation  exposed  in  this  township, 
is  more  sandy,  Ughter  in  color,  and  more  evenly  bedded  than  the 
lower  part  of  the  Lance  and  contains  all  the  valuable  lignite  beds. 

The  Lance  formation  is  overlain  by  the  Fort  Union  formation, 
which  is  composed  of  250  to  300  feet  of  massive  sandstones,  with 
about  20  feet  of  light-colored  sandstone  near  the  middle  and  a  thin 
bed  of  quartzite  near  the  top.  The  line  between  the  Lance  and  the 
Fort  Union  formation  is  placed  at  the  base  of  the  sandstone  that 
forms  the  rim  rock  of  the  Cave  Hills. 

Two  small  areas  of  green  conglomerate,  each  a  few  square  rods  in 
extent,  are  present  in  sees.  21  and  28  and  are  assigned  doubtfully  to 
the  White  River  formation.  The  correlation  is  based  on  the  litho- 
logic  character  of  the  beds,  as  no  fossils  were  found  in  them.  The 
conglomerate  contains  green,  reddish,  and  white  pebbles,  ranging  in 
size  from  a  quarter  of  an  inch  to  1}  inches,  and  seems  to  be  entirely 
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different  from  anything  found  in  the  Fort  Union.  Fragments  of 
chert  similar  to  those  common  to  the  White  River  formation  are 
associated  with  the  conglomerate  rocks. 

The  beds  in  general  dip  about  25  feet  to  the  mile  toward  the  south- 
east, but  a  mile  north  of  the  Craig  ranch  the  attitude  of  a  lignite 
bed  indicates  a  slight  northerly  dip.  In  the  neighborhood  of  the 
Riley  ranch  a  bed  of  Vgnite  apparently  disappears  beneath  the  creek 
bed  both  above  and  below  the  ranch  housC;  thus  indicating  a  slight 
anticline  with  the  axis  running  northwest  and  southeast. 

There  are,  in  addition  to  several  thin  beds,  three  valuable  beds  of 
lignite,  the  Riley,  the  Craig,  and  the  T  Cross,  which  were  mapped  in 
detail.  The  lowest  and  poorest  of  these  is  the  Riley;  the  Wghest 
and  most  valuable  the  T  Cross.  The  Riley  bed  is  11  feet  3  inches 
thick  at  location  211  (see  PI.  VI),  near  the  Riley  ranch,  in  sec.  24, 
where  for  many  years  it  has  been  mined  for  local  use.  The  lignite 
is  of  excellent  quality,  but  the  bed  appears  to  be  decidedly  lenticular, 
for  at  location  288,  in  the  SW.  i  NE.  }  sec.  18,  T.  22  N.,  R.  6  E., 
about  1^  miles  below  the  Riley  ranch,  it  has  been  prospected  in  the 
creek  bottom  and  is  only  3  feet  4  inches  thick.  The  same  bed  as 
exposed  farther  north  (location  287)  and  west  (location  289)  is  of 
little  value.     (See  PI.  VI.) 

About  50  feet  above  the  Riley  bed  is  the  Craig  lignite  bed,  which 
is  exposed  at  locations  213,  231,  and  215*,  along  the  east  side  of  the 
Cave  Hills,  in  sees.  3,  11,  and  14.  Locations  220,  221,  203,  and  204 
are  thought  to  be  on  the  same  bed.  Its  thickness  ranges  from  1  foot 
10  inches  at  location  204,  in  sec.  34,  to  6  feet  11  inches  at  location 
231.  Detailed  measurements  of  the  bed  at  these  places  are  given  on 
Plate  VI.  To  the  west,  in  sees.  17  and  18,  there  are  small  bums  along 
its  outcrop,  and  still  farther  west,  in  the  adjacent  township,  the  bed 
is  of  little  value. 

The  T  Cross  bed  of  lignite  occurs  about  100  feet  above  the  Craig 
bed.  Its  identification  from  place  to  place  is  xmoertain,  but  the  cor- 
relation as  shown  on  the  map  (PI.  I,  in  pocket)  seems  to  be  the 
best  that  could  be  made.  The  bed  in  the  southern  part  of  the  town- 
ship, along  Camel  Creek  and  its  tributaries  at  locations  192,  193,  196, 
197,  198,  199,  200,  201,  202,  and  212,  is  3  feet  11  inches  or  less  in 
thickness,  but  at  location  205A  it  is  5  feet  thick.  Along  Crooked  Creek 
and  its  tributaries  north  and  east  of  the  Cave  Hills  the  bed  is  thicker 
and  better  in  quality.  It  ranges  in  thickness  from  9  feet  1  inch  at 
location  209  to  3  feet  6  inches  at  location  218  and  has  been  mined  at 
locations  209,  208,  219,  218,  and  218A.  This  bed  is  about  3,050 
feet  above  sea  level  and  dips  to  the  east  about  20  feet  to  the  mile. 
It  is  correlated  with  the  Giannonatti  bed,  exposed  in  T.  21  N.,  R  7  E., 
and  with  the  T  Cross  bed  as  exposed  at  Ives,  N.  Dak. 


74  THE  LIGNITE  FIELD  OF  NORTHWESTERN  SOUTH  DAKOTA. 

About  60  feet  above  the  T  Cross  there  is  another  lignite  bed,  which, 
along  the  east  side  of  the  Cave  Hills,  at  locations  226, 227, 228,  and  230, 
ranges  in  thickness  from  2  feet  (location  228)  to  4  feet  4  inches,  but  is 
separated  into  two  benches  by  4  inches  of  shale  (location  226).  The 
bed  is  not  exposed  to  the  south  unless  it  is  represented  by  a  thin  bed 
which  at  locations  206,  207,  and  205  is  from  1  foot  to  about  2  feet  5 
inches  thick.  Near  the  ranger  cabin  at  location  216,  in  sec.  10,  2 
feet  5  inches  of  lignite  is  exposed,  and  on  the  north  face  of  the  ridge, 
at  location  223,  in  sec.  18,  there  is  a  bed  more  than  5  feet  thick. 
The  approximate  position  of  the  upper  lignite  is  immediately  below 
the  cliff.  At  location  222  6  feet  of  lignite  is  exposed  in  a  mass  of 
slumped  material,  which  possibly  came  from  the  upper  bed.  Along 
the  ridge  between  Camel  and  Bull  creeks  a  lignite  bed  2  feet  thick  at 
location  195  and  1  foot  4  inches  thick  at  location  194  is  apparently 
between  the  T  Cross  and  the  upper  bed.  Detailed  measurements  of 
the  lignite  beds  in  this  township  are  given  on  Plate  VI. 

T.  8S  N.,  S.  6  S. 

T.  23  N.,  R.  5  E.,  is  for  the  most  part  drained  by  Crooked  Creek 
and  has  a  rough  surface  that  culminates  in  the  noted  landmark. 
Eagles  Nest.     Cox  post  oiffice  is  in  the  SE.  J  sec.  33. 

The  Lance  formation  underlies  the  township,  with  the  exception 
of  Eagles  Nest  Butte,  and  .is  composed  of  somber-colored  shale  inter- 
bedded  with  arenaceous  shale  and  sandstone.  The  rocks  are  in  many 
places  markedly  cross-bedded  and  show  very  irregular  deposition. 
On  weathering  this  formation  gives  rise  to  a  very  poor  soil.  The 
upper  portion  of  the  Lance,  the  Ludlow  lignitic  member,  is  some- 
what more  sandy  than  the  lower  portion  and  carries  the  only  valuable 
bed  of  lignite. 

The  only  representative  of  the  Fort  Union  formation,  a  heavy- 
bedded  and  resistant  yeUow  to  gray  sandstone  100  feet  thick,  caps 
Eagles  Nest,  in  sec.  27.  At  some  places  the  sandstone  is  cross-bedded, 
and  locally  it  is  conglomeratic.  On  weathered  surfaces  it  is  decidedly 
uneven,  with  numerous  large  rounded  cavities. 

Three  beds  of  lignite  crop  out  in  the  township.  The  lowest  and 
thinnest  is  exposed  in  a  boggy  place  at  location  234,  in  sec.  22,  where 
an  accurate  measurement  could  not  be  obtained,  but  it  is  at  least  2 
feet  6  inches  thick.  Elsewhere  this  bed  could  not  be  found.  Higher 
beds  underlie  small  hiUs  northeast  of  Eagles  Nest.  At  location  233 
(see  PL  VI)  the  following  section  is  exposed: 
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Sidion  at  location  tSS,  in  the  8W.  i  iec.  tS,  T,  tS  N.,  R.  6  E. 

Ft.     in. 

Shale,  blown,  carbonaceouB  and  fissile 1  4 

Bone 2 

Shale,  brown,  carbonaceous 1 

Lignite 1  4 

Shale,  black,  carbonaceous 1 

Lignite 1  9 

Shale,  brown,  carbonaceous 16  10 

Shale,  brown,  carbonaceous  and  fissile,  with  lenses  of  lignite  as 

much  as  2  inches  thick 1  3 

Shale,  brown,  carbonaceous 8  8 

Lignite 3  0 

34      6 

A  few  loads  of  lignite  have  been  removed  from  the  lower  bed  at 
this  place.  The  T  Cross  bed  of  lignite  crops  out  in  Eagles  Nest,  and 
the  following  section  is  exposed  in  a  prospect  at  location  232,  on  the 
northern  slope: 

Section  ofligniU  bed  at  location  tSt,  in  sec.  f7,  T.  2S  N.,R,5  E, 

Shale,  black,  carbonaceous.  Ft.  in. 

Lignite,  very  impure 2 

Lignite 11 

Lignite,  impure 9 

Lignite,  fair  quality 1  8 

Shale,  dark,  sandy.  

3      6 

There  are  at  many  localities  in  the  northwestern  part  of  the  town- 
ship large  masses  of  red  baked  rock,  probably  formed  by  the  burning 
of  this  bed;'  but  coal  of  this  bed  imderlies  only  small  areas  in  that 
vicinity.  Direct  correlation  of  the  beds  exposed  at  locations  232  and 
233  is  impossible,  because  in  the  intervening  area  the  rocks  are  badly 
concealed  by  grassy  slopes. 

.    TP8.  M,  17,  18,  U,  AVD  20  N.,  S.  •  B. 

The  entire  area  of  Tps.  16,  17,  18,  19,  and  20  N.,  R.  6  E.,  with  the 
exception  of  T.  16  N.  and  part  of  T.  17  N.,  which  are  drained  by 
Moreau  River,  lies  in  the  valley  of  South  Fork  of  Grand  River  and 
its  tributaries  Squaw,  Sandy,  Jones,  and  Bull  creeks.  South  of  the 
South  Fork  of  Grand  River  the  surface  rises  gradually  in  a  sandy, 
more  or  less  grass-covered  plain  to  the  divide  in  the  southern  part  of 
T.  17  N.,  then  slopes  more  abruptly  to  Moreau  River,  which  flows 
eastward  near  the  middle  of  T.  16  N.  A  few  small  areas  of  sand  dimes 
and  badlands  are  scattered  over  the  part  south  of  the  South  Fork  of 
Grand  River,  but  most  of  the  surface  is  grass-covered  and  used 
exclusively  for  stock  raising.    A  few  high  buttes  along  the  divide 
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north  of  the  South  Fork  of  Grand  River  are  capped  by  resistant 
sandstone  ledges  and  rise  abruptly  above  the  general  level  of  the 
prairie. 

Throughout  nearly  the  entire  area  the  surface  rocks  belong  to  the 
lower  part  of  the  Lance  formation,  the  Ludlow  lignitic  member  being 
represented  in  only  a  few  elevated  areas  in  Tps.  19  and  20  N.  The 
soft  sandy  shale  and  friable  sandstone  weather  easily  to  sandy  soil, 
which  obscures  the  bedrock  except  at  a  very  few  places.  The  strata 
dip  gently  to  the  northeast. 

Lignite  is  exposed  at  only  a  few  places  in  these  townships,  and 
from  the  general  character  of  the  rocks  that  underlie  the  area  it  is 
concluded  that  there  are  no  beds  of  value  except  those  whose  outcrop 
is  shown  on  Plate  I  (in  pocket) .  Thin  beds  of  lignite  are  exposed  in  the 
sides  of  two  small  buttes  in  sees.  4  and  10,  T.  19  N.  At  location  235, 
in  sec.  10,  there  is  a  bed  1  foot  6  inches  thick;  at  location  236,  in  sec.  4, 
there  are  two  beds,  the  upper,  which  is  1  foot  3  inches  thick,  about 
40  feet  above  the  lower,  which  is  1  foot  thick. 

A  flat-topped  butte  in  sec.  31,  T.  20  N.,  is  underlain  by  several 
feet  of  black  shale,  brown  shale,  and  thin  bands  of  lignite  that  is  too 
poor  to  be  used  for  fuel.  At  location  237,  in  sec.  21,  a  bed  of  lignite 
1  foot  thick  is  exposed  at  the  base  of  the  Ludlow  lignitic  member  of 
the  Lance.  A  thicker  bed  underlies  a  small  area  in  sees.  1  and  2. 
At  location  238  (see  ?1.  VII)  the  following  section  is  exposed: 

Section  of  lignite  bed  at  location  2S8,  in  the  NW,  J  kc.  i,  T.  20  N,,  R.  6  E, 

Shale.                                                                                                     Ft.  In. 

Lignite,  dirty 1  6 

Lignite 10 

Sand } 

Lignitei  dirty 5 

Shale 3 

Lignite 6 

Shale.  

Total  section 3      6} 

Total  lignite 3      3 

This  bed  increases  in  thickness  toward  the  east,  and  is  6  feet  6 
inches  thick  at  location  396,  in  sec.  6,  T.  20  N.,  R.  7  E. 

T.  21  N.,  s.  •  B. 

There  is  a  difference  in  elevation  of  about  500  feet  between  the 
top  of  the  Cave  Hills,  in  sec.  7,  T.  21  N.,  R.  6  E.,  and  the  lowland 
along  Jack  Creek,  about  2,900  feet  above  sea  level,  near  the  Van 
Home  ranch,  in  sec.  33.  The  low  grassy  divide  between  Big  Nasty 
Creek  on  the  north  and  Jack  Creek  on  the  south  extends  from  the 
Cave  Hills  escarpment,  in  sees.  6  and  7,  southeastward  through  the 
township.     In  the  east-central  portion  the  divide  consists  of  a  high, 
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flat  mesa,  due  to  a  comparatively  resistant  sandstone  that  forms  the 
cap.  The  valley  of  Big  Nasty  Creek,  which  traverses  the  north  tier 
of  sections  from  west  to  east,  is  broad,  open,  and  grass-covered. 
The  most  conspicuous  topographic  feature  is  the  North  Cave  Hills, 
which  project  into  sec.  7,  but  lie  for  the  most  part  to  the  northwest. 
These  hills  stand  out  prominently,  because  they  are  capped  by  a  very 
massive  sandstone  some  100  feet  in  thickness,  which  resists  erosion 
and  forms  a  nearly  vertical  cliflf  around  the  margin  of  the  mesa.  * 

The  Pelham  ranch,  in  sec.  6,  and  the  Van  Home  ranch,  in  sec.  28, 
are  well-known  landmarks  of  this  part  of  the  field,  and  until  recently 
constituted  nearly  the  entire  settlement.  A  few  homesteaders  have 
recently  taken  up  tracts  of  land,  but  as  a  whole  the  township  is  better 
suited  to  grazing  than  farming. 

Of  the  500  feet  of  rock  strata  exposed,  the  lower  400  feet  belongs 
to  the  Lance  formation,  which  underlies  the  entire  township  except  a 
small  part  of  sec.  7.  The  lower  100  feet  or  so  is  composed  of  irregularly 
'bedded  sandy  shale  and  sandstone,  with  a  few  beds  of  lignite.  The 
upper  300  feet  of  the  Lance  formation  carries  the  only  valuable 
lignite  beds,  and  is  differentiated  from  the  rest  of  the  formation  as 
the  Ludlow  lignitic  member.  It  consists  of  sandy  shale  with  a  con- 
siderable amount  of  interbedded  light-colored  sandstone  and  lignite. 
The  individual  beds  are  more  continuous  than  those  of  the  lower  part 
of  the  formation.  The  ridges  in  the  east-central  part  of  the  township 
are  capped  by  thin  resistant  sandstones,  which  protect  the  underlying 
soft  shale  and  give  rise  to  rugged  topography. 

The  rim  rock  of  the  Cave  Hills  is  a  massive  sandstone,  about  100 
feet  thick,  which  is  assigned  to  the  Fort  Union  formation.  It  is  Ught 
buff  or  yellow,  in  some  places  grayish,  rather  coarse  grained,  and 
loosely  cemented.  The  upper  part  is  somewhat  more  resistant  than 
the  lower  and  protects  it  from  rapid  disintegration.  Ludlow  Cave, 
in  sec.  7,  is  a  cavity  in  the  massive  sandstone,  formed  by  the  com- 
bined action  of  wind  and  water. 

The  strata  are  essentially  horizontal  and  for  most  purposes  may  be 
so  considered,  the  dip  being  too  slight  to  be  a  serious  factor  in  any 
mining  operation.  There  is  in  sec.  8  an  apparent  local  dip  of  about 
3°  SE.,  with  a  strike  slightly  north  of  east.  In  general  the  forma- 
tions seem  to  have  a  very  slight  northeastward  dip  amounting  to 
about  23  feet  to  the  mile. 

Two  good  lignite  beds  are  exposed  in  this  township.  The  lower  is 
probably  the  same  as  the  Widow  Clark  Ugnite  of  T.  21  N.,  R.  7  E., 
and  its  outcrop  was  traced  in  considerable  detail  and  with  a  fair 
degree  of  accuracy.  In  the  gullies  leading  down  from  the  Cave  Hills, 
in  the  northwest  comer  of  the  area  (sections  253  to  258 A,  PI.  \r[), 
the  bed  ranges  in  thickness  from  1  foot  7  inches  at  location  255  to  3 
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feet  8  inches  at  location  254.  To  the  east  the  bed  thickens  rapidly 
and  at  location  251,  in  sec.  15,  it  is  8  feet  8  inches  thick.  Along  its 
outcrop,  in  the  southeast  quarter  of  the  township,  the  thickness 
ranges  from  3  feet  2  inches  at  location  242  to  6  feet  8  inches  at  loca- 
tion 248.  At  location  241b,  in  sec.  36,  the  bed  is  represented  by  3 
feet  10  inches  of  lignite,  split  by  5  feet  of  shale.  Detailed  sections 
measured  along  the  bed  are  represented  on  Plate  VI  by  Nos.  241b, 
242,  ^43b,  245,  247b  to  258,  258A,  261b,  262b,  and  263.  The  lignite 
is  not  exposed  along  the  south  side  of  Big  Nasty  Creek  because  of  the 
thick  grass  covering  the  slopes,  but  at  one  point  in  sec.  10  there  is  a 
slight  bum  which  was  considered  to  be  on  the  bed.  Strip  mines 
have  been  operated  at  location  253,  in  sec.  8,  and  location  263,  in 
sec.  24. 

The  upper  valuable  bed  of  lignite  is  separated  from  the  lower  by 
20  to  40  feet  of  strata.  It  has  burned  at  many  places  in  the  south- 
east comer  of  the  township  and  also  in  sec.  12,  giving  rise  to  large 
masses  of  clinker.  This  bed  is  correlated  with  the  Giannonatti  bed 
in  the  township  to  the  east,  with  the  main  bed  aroimd  the  northern 
extremity  of  the  North  Cave  Hills,  and  with  the  T  Cross  bed  at  Ives, 
N.  Dak.  Sections  of  the  bed  at  locations  239,  240,  241a,  243 A,  244, 
247a,  261a,  262a,  243a,  264,  265,  265A,  266,  267,  and  268  (see  PL 
VI)  show  that  it  ranges  in  thickness  from  4  feet  1  inch  at  location 
243a  to  about  12  feet  6  inches  at  location  239.  Its  cover  reaches  a 
maximum  thickness  of  about  150  feet.  The  bed  is  correlated  with 
the  one  containing  7  feet  of  lignite  at  the  Pelham  mine  at  location 
268,  in  sec.  6.  East  of  location  268  grass-covered  areas  conceal  the 
outcrop  of  the  bed,  except  at  two  locaUties  in  the  SE.  {  sec.  6  and  the 
NE.  i  sec.  7,  where  its  presence  is  indicated  by  red  burned  rock. 

A  thin  lignite  bed  outcrops  at  location  269,  in  the  SW.  {  sec.  1,  and 
in  detail  is  as  follows: 

Section  of  lignUe  bed  at  loeatum  X69,mihe  8W.  i^ecl^T.  tl  N.,  R.6E. 

Shale.  Ft  In. 

Lignite — ....-— 11 

Shale - 2 

Ugnite 1     1+ 

2      2+ 

The  entire  thickness  of  this  bed  could  not  be  measured  because  it 
was  partly  covered  by  water.  Another  unimportant  lignite  bed 
outcropping  in  the  SW.  i  SE.  {  sec.  9  is,  at  location  259,  3  feet  2 J 
inches  thick,  with  a  thin  shale  parting  near  the  middle.  It  does  not 
continue  as  a  thick  bed  for  any  great  distance.  Thin  streaks  of 
lignite  at  lower  horizons  are  exposed  in  the  creek  bank  in  the  SE.  J 
sec.  22.    The  following  section  was  measured  at  location  246: 


T.  22   N.,  R.  6   E.  Y9 

SetHan  o/ligniU  bed  at  loeatum  24S,  in  the  SW,  \  sec.  22,  T.  21  N,,  R,  6  E, 

Shale.                                                                                                 Ft.  in. 

Lignite 9 

Shale 3 

Lignite 5 

Shale 7 

Lignite 10 

Total  section 2    10 

Total  lignite 2      0 

Farther  up  the  creek,  in  sec.  15,  some  thin  beds  occur  but  were  not 
traced.  At  location  260,  in  sec.  25,  there  is  2  feet  8  inches  of  Ugnite, 
split  by  3  inches. of  shale.  No  correlation  of  these  isolated  outcrops 
is  attempted. 

No  samples  for  analysis  were  procured  from  any  of  the  beds  in  this 
township,  but  the  two  principal  beds  are  hgnite  of  good  quality. 
They  have  not  been  developed  commercially  to  any  extent,  but  there 
are  three  smaU  strip  pits  where  hgnite  has  been  obtained  by  the 
inhabitants  for  local  use.  Prospects  on  the  lower  bed  have  been 
opened  in  sec.  8  (location  253)  and  sec.  24  (location  263),  and  there 
is  a  small  strip  pit  on  the  upper  bed  near  Pelham's  ranch  at  location 
268,  in  sec.  6. 

T.  22  N.p  S.  •  S. 

A  high,  irregular  ridge,  with  well-defined  northward-facing  slopes, 
extends  from  the  Cave  Hills,  in  sees.  30  and  31,  T.  22  N.,  R.  6  E.,  to 
the  Tepee  Buttes,  in  sec.  6  of  the  township  to  the  east,  and  separates 
the  drainage  of  Crooked  Creek  on -the  north  from  that  of  Big  Nasty 
Creek  on  the  south. 

A  large  part  of  T.  22  N.,  R.  6  E.,  is  rolling  and  grass-covered,  but 
badlands  are  developed  locally  and  some  conspicuous  buttes  stand 
out  like  monadnocks  above  the  surroimding  country.  The  butte  in 
sec.  19  rises  to  an  altitude  of  3,777  feet  above  sea  level.  Three  buttes 
in  sees.  19  and  27  are  capped  by  very  hard  quartzite  which  protects 
the  underlying  rocks  from  rapid  erosion.  Other  buttes  in  sees.  16  and 
31  are  capped  by  the  massive  sandstone  that  forms  the  rim  rock  of 
the  Cave  Hills. 

There  are  a  few  small  springs  in  the  township,  and  Crooked  Creek 
contains  running  water  throughout  the  greater  part  of  the  year. 
Water  for  domestic  use  is  obtained  chiefly  from  wells  and  is  almost 
everywhere  reached  at  rather  shallow  depths — ^20  to  30  feet.  Nearly 
all  the  water  is  alkaline.  A  large  part  of  the  land  has  been  taken  up 
by  homesteaders,  but  there  are  at  present  very  few  inhabitants. 
The  little  hamlet  of  Ludlow  is  located  in  the  southwest  comer  of 

b6C.  «>0. 

A  total  thickness  of  about  600  feet  of  strata  is  exposed  in  this 
township.    The  lower  part  of  the  Lance  formation,  consisting  of  soft 
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dark-K^olored  shale  and  sandstone  with  a  single  bed  of  lignite,  is 
exposed  along  Crooked  Creek,  in  the  northern  part.  The  rocks  are 
decidedly  cross-bedded  and  vary  greatly  in  character,  containing  in 
places  a  great  number  of  iron  carbonate  nodules  which  weather  to 
dark-brown  masses.  The  Ludlow  lignitic  member,  which  here 
includes  all  the  upper  part  of  the  Lance,  contains  more  yellow  sand- 
stone and  sandy  shale  than  the  lower  part  and  also  includes  all  the 
valuable  lignite  beds.  Where  the  sandstones  are  indurated  they  forna 
gnarly  outcrops,  but  elsewhere  they  weather  to  sandy  slopes.  The 
Fort  Union  formation,  which  is  exposed  in  several  high  buttes,  con- 
sists of  about  235  feet  of  yellow  and  red  sandstone  similar  to  that  on 
the  Cave  HiUs,  some  shale,  and  a  peculiar  quartzite  bed,  bowlders 
from  which  are  scattered  abimdantly  over  the  surface. 

The  rocks  in  general  dip  eastward  at  about  30  feet  to  the  mile,  but 
in  one  or  two  localities  minor  folds  have  been  developed.  One  of 
these  occurs  in  the  southwest  comer  of  sec.  28  and  seems  to  be  a 
small  anticline  with  its  axis  running  nearly  east.  There  is  further 
evidence  of  the  anticline  in  sees.  19  and  30,  on  the  west  side  of  the 
township. 

The  lowest  bed  of  lignite  occurs  near  the  top  of  the  lower  part  of 
the  Lance  formation  and  outcrops  in  the  northern  part  of  the  town- 
ship, in  the  valleys  of  the  small  tributaries  of  Crooked  Creek,  At 
location  290,  in  sec.  19  (see  PI.  VI),  the  bed  contains  6  feet  2  inches 
of  lignite,  but  within  a  few  rods  it  disappears  beneath  the  creek,  to 
reappear  about  a  mile  downstream.  Sections  287,  288,  and  289, 
exposed  in  sees.  7  and  18  (see  PI.  VI),  are  supposed  to  represent  the 
same  bed  and  show  an  average  thickness  of  more  than  3  feet.  At 
these  places  the  bed  is  not  so  thick  as  the  one  exposed  at  the  small 
mine  near  the  Biley  ranch,  at  location  211,  in  sec.  24  of  the  township 
to  the  west.  Small  strip  mines  have  been  opened  at  locations  288  and 
289,  in  sec.  18. 

Lignite  beds  in  the  Ludlow  lignitic  member  of  the  Lance  are 
exposed  at  a  large  nimiber  of  places  in  the  township,  and  at  other 
places  the  outcrop  of  beds  is  indicated  by  baked  rock  that  has  resulted 
from  the  binning  of  lignite.  Grassy  slopes  and  rock  slumps  prevent 
the  exact  correlation  of  beds,  but  that  indicated  on  the  map  (PI.  I,  in 
pocket)  seems  to  be  the  best.  Beds  at  locations  272,  274,  275,  275A, 
275B,  276,  277,  278, 285,  285A,  and  286  are  near  the  base  of  the  mem- 
ber and  range  in  thickness  from  2  feet  at  location  285A  to  8  feet  9 
inches  at  location  274.  Along  the  outcrop  line  joining  these  sections 
there  are  niunerous  areas  of  fused  red  rock,  which  are  at  the  same 
horizon.  The  variation  in  thickness  of  tins  main  bed  is  shown  in  detail 
on  Plate  VI. 

In  sec.  14  there  are  two  beds  above  the  main  lignite.  One,  strati- 
graphically  70  feet  higher  (at  location  284),  contains  6  feet  of  lignite, 
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and  25  feet  above  this  If  a  second  bed  more  than  2^  feet  thick  that  has 
been  prospected  at  location  282.  In  a  well  at  location  283^  in  the  SE. 
\  sec.  14,  4  feet  6  inches  of  lignite  was  found  at  approximately  the 
horizon  of  the  middle  bed.  No  lignite  was  found  farther  northeast 
in  this  township  at  either  of  these  horizons.  To  the  west,  at  loca- 
tion 281,  in  sec.  16,  the  middle  bed  is  split  by  a  shale  parting  into  two 
benches  and  is  nearly  worthless.  (See  PL  VI.)  A  bed  in  the  south- 
western part  of  the  township,  shown  in  sections  270,  271,  272,  279, 
and  280,  lies  about  20  feet  above  the  main  .bed.  At  location  273  this 
bed  is  represented  by  2  feet  of  lignitic  shale. 

Two  beds  of  lignite  20  feet  apart  are  exposed  in  a  narrow  valley  in 
the  southeast  comer  of  the  township.  The  lower,  shown  graphically 
by  sections  298,  299,  300,  and  301  (PL  VI),  reaohes  at  location  299 
a  maximum  thickness  of  5  feet  6  inches;  dsewhere,  so  far  as  ascer- 
tained, the  bed  is  worthless.  It  is  possible  that  the  bed  outcropping 
in  sec.  33  and  represented  by  section  291  is  at  the  same  horizon. 
The  upper  bed  in  this  part  of  the  township  is  exposed  at  locations  292, 
293,  294,  and  295,  but  it  is  not  especially  valuable.  (See  graphic 
sections,  PL  VI.)  Lignite  beds  3  feet  and  5  feet  thick  at  locations 
296  and  297,  respectively,  are  reported  in  wells  and  may  correspond 
to  the  upper  bed  just  described.  The  exact  relation  of  the  beds  in 
the  eastern  part  of  the  township  to  those  exposed  elsewhere  is  not 
known,  but  it  is  probable  that  the  upper  bed  here  is  to  be  correlated 
with  the  bed  represented  by  sections  279  and  280. 

T.  it  N.,  s.  •  s. 

The  nortnem  part  of  T.  23  N.,  R.  6  E.,  drains  northward  into  the 
tributaries  of  the  North  Fork  of  Grand  River,  and  the  remainder  into 
Crooked  Oeek,  which  meanders  in  a  broad,  open  valley,  and  traverses 
the  southern  and  eastern  parts  of  the  township  from  west  to  north- 
east. Through  the  middle  of  the  area  extends  a  low,  rolling  grassy 
divide.  During  the  greater  part  of  the  year  there  is  running  water  in 
Crooked  Creek,  but  the  other  streams  are  intermittent.  Nearly  all  the 
water  for  farm  use  is  obtained  from  shallow  wells,  most  of  which  yield 
alkaline  water.  In  the  NW.  i  sec.  20  there  is  a  small  spring  of  good 
water.  Although  most  of  the  tillable  land  has  been  homesteaded, 
the  township  has  now  only  a  few  inhabitants. 

The  rocks  exposed  in  this  township  belong  to  the  Lance  formation 
and  are  about  200  feet  thick.  They  consist  chiefly  of  dark  shale 
interbedded  with  sandstone,  one  or  two  beds  of  lignite,  and  beds  of 
carbonaceous  shale.  The  upper  portion  of  the  exposed  geologic 
section  (the  Ludlow  lignitic  member)  contains  a  large  amount  of 
sandstone  which  weathers  into  irr^ular  forms.  The  sandstone  is 
somewhat  lighter  in  color  than  the  shale,  being  gray,  yellow,  and 

24015°— Bull.  627—16 6 
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buff.  The  rock  strata  dip  eastward  at  about  15  or  20  feet  to  the 
miley  as  determined  by  the  altitudes  of  certain  beds  in  this  and  adja- 
cent townships. 

Only  one  bed  of  lignite  of  any  value  is  exposed,  and  measurements 
of  this  bed  were  obtained  at  locations  302,  303,  304,  and  305.  (See 
PI.  VI.)  The  bed  is  the  thickest  at  location  305  and  thins  to  the  south 
and  east.  East  of  location  304  the  bed  is  not  exposed,  but  near  the 
northeast  comer  of  sec.  21  considerable  quantities  of  lignite  have 
been  dug  up  by  prairie  dogs.  There  is  no  evidence  of  the  bed  on 
the  east  slope  of  the  divide  in  sees.  22  and  7,  but  at  location  302,  in  the 
SW.  i  sec.  27,  2  feet  of  poor  lignite  is  exposed.  At  location  303,  in 
the  SE.  i  NE.  i  sec.  28,  there  is  a  section  very  similar  to  the  one  at 
location  304.  It  is  said  that  in  a  well  in  the  SW.  I  sec.  28  a  few 
inches  of  lignite  was  found.  Another  well,  on  the  south  side  of  sec. 
20,  encoimtered  lignite  at  a  depth  of  22  feet.  There  is  1  foot  10 
inches  of  poor  lignite  exposed  at  location  306,  on  the  north  side  of 
sec.  29,  which  may  be  at  the  same  horizon. 

T.  H  N.,  S.  7  B. 

T.  16  N.,  R.  17  E.,  is  drained  entirely  by  the  North  Fork  of  Moreau 
River,  which  flows  eastward  across  the  southweste^  part.  The 
surface  of  the  township  is  rolling  and  grass  covered,  except  in  the 
northeast  comer,  where  the  Slim  Buttes  rise  more  than  600  feet 
above  the  general  level  of  the  country.  The  top  of  the  mesa  is  level 
and  grass  covered  and  is  surrounded  by  a  nearly  vertical  sandstone 
cliff.  Below  this  cliff  is  a  zone  of  deeply  cut  badlands,  in  which, 
except  at  a  few  places,  slumps  effectually  conceal  the  character  of  the 
strata  on  the  lower  slopes. 

The  sandstone  cap  of  the  Slim  Buttes  belongs  to  the  Arikaree  ( ?) 
sandstone,  and  below  it  are  clay  and  sandstone  of  the  White  River 
formation.  At  the  south  end  of  the  Slim  Buttes,  in  this  township,  the 
White  River  formation  rests  on  the  lower  part  of  the  Lance  formation, 
but  to  the  north  the  basal  portion  of  the  Ludlow  lignitic  member  of 
the  Lance  is  exposed.  The  strata  dip  northeastward,  and  the  in- 
crease in  thickness  of  the  Ludlow  lignitic  member  toward  the  north 
is  due  to  this  northeasterly  dip,  rather  than  to  inequality  of  the  erosion 
sTu^ace  upon  which  the  White  River  formation  was  deposited. 

Lignite  in  the  lower  part  of  the  Lance  formation  is  exposed  at  three 
localities  in  sees.  12  and  13.  At  location  307,  in  sec.  13,  there  is  1 
foot  10  inches  of  very  dirty  lignite;  at  location  308  a  bed  containing 
2  feet  2  inches  of  dirty  lignite  is  exposed ;  and  at  location  309  there 
is  2  feet  5  inches  of  dirty  lignite  at  a  horizon  several  feet  below  that  of 
the  bed  exposed  at  location  308. 
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Because  of  the  targe  amount  of  slumping  which  has  taken  place 
around  the  SUm  Buttes,  lignite  beds  can  be  seen  in  only  a  few  places 
and  such  beds  as  are  exposed  can  not  be  correlated  with  certainty. 
Less  than  50  feet  above  the  base  of  the  Ludlow  lignitic  member  of  the 
Lance  is  a  thick  mass  of  brown  and  black  shale  with  several  thin  beds 
of  lignite  (location  312).  The  highest  bed  has  burned,  leaving  only  a 
bed  of  red  baked  clay,  so  that  the  original  thickness  of  the  bed  can 
only  be  estimated. 


I 


Sections  of  the  Ludlow  lignitic  member  in  sees.  1  and  2^  T.  16  N.,  R,  7  E. 


Clay. 


LocatioB  S12. 


Lignite,    burned;    thickness 
unknown. 
Clay 

Lignite 

Clay 

Sandstone 

Shale,  brown 

Shale,  black,  carbonaceous 

Lignite 

Shale,  brown 

Lignite 

Bone 

Clay 

Lignite,  dirty 

Shale,  black,  carbonaceous.. 

Lignite 

Clay 

Bone 

Clay 

Lignite 

Shale,  brown 

Lignite 

Shale,  black,  carbonaceous.. 

Lignite 

Shale,  brown 

Lignite 

Clay. 

Total  section 

Total  lignite 


1 

7 
1 


8 
2 


1 
1 


Ft.  In. 
5  0 
3 
4 
0 
0 
3 
9 
1 
9 
2 
0 
2 
1 
5 
10 
5 
5 
6 
6 
3 
2 
11 
10 
4 

34      5 
7      4 
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LoaUkMi  SIO. 

Shale.                                                  Ft.  in. 

Lignite,  dirty 2  11 

Bone 3 

Shale,  brown  and  black,  partly 

carbonaceous 22  0 

Lignite,  dirty 1  10 

Shale,  brown  to  black,  partly  car- 
bonaceous      2  8 

Clay.  

Total  section 29      8 

Total  lignite 4      9 

Location  Sll. 

Clay. 

Lignite 2      3 

Clay. 


Along  the  cast  side  of  T.  17  N.,  R.  7  E.,  the  Slim  Buttes  mesa  rises 
in  an  almost  vertical  cliflf  to  an  altitude  nearly  600  feet  above  that 
of  the  surroimding  plain.  The  top  of  the  mesa  is  gently  rolling, 
and  upon  it  there  is  a  heavy  growth  of  grass  and  a  few  pine  trees; 
tbe  trees  are  most  abundant  about  the  margin.  Around  the  mesa 
^  an  area  of  slumped  rocks  which  recent  erosion  has  dissected  at  a 
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number  of  places  into  nearly  impassable  badlands.  The  surface  of 
the  western  two-thirds  of  the  township  is  gently  undulating,  having 
numerous  small  valleys  through  which  the  run-off  from  the  area 
finds  its  way  to  the  South  Fork  of  Grand  River  on  the  north  and  to 
Moreau  River  on  the  south.  The  soil,  which  in  a  large  part  of  the 
township  is  the  result  of  the  disintegration  of  the  sandy  shale  and 
soft  sandstone  of  the  lower  part  of  the  Lance  formation,  is  of  fair 
quality  and  is  being  cultivated  by  a  number  of  farmers.  Numerous 
springs  issue  from  a  sandstone  near  the  base  of  the  Slim  Buttes  and 
furnish  excellent  water  in  sufficient  quantity  to  be  used  for  irrigating 
small  patches  of  land  in  the  plains  area  to  the  west. 

All  the  main  stream  valleys  are  cut  into  the  lower  part  of  the 
Lance  formation,  but  the  Ludlow  lignitic  member  caps  a  few  of  the 
higher  divides  and  outcrops  in'  a  narrow  belt  along  the  slope  of  the 
mesa.  The  White  River  formation,  resting  imconformably  upon  the 
Ludlow  lignitic  member  of  the  Lance,  is  composed  of  flesh-colored 
and  yellow  clay  and  white  sandstone,  locally  conglomeratic.  Numer- 
ous fossil  bones  found  in  these  rocks  prove  the  formation  to  be  of 
Oligocene  age.  Above  the  White  River,  and  possibly  unconformable 
to  it,  is  a  heavy-bedded,  almost  homogeneous  sandstone  which  is 
assigned  to  the  Arikaree  (?)  sandstone.  No  fossils  have  yet  been 
found  in  this  sandstone,  and  its  age  is  determined  solely  on  Uthologio 
character.    The  strata  dip  gently  in  a  direction  slightly  north  of  east. 

All  the  lignite  in  this  township  is  in  the  Ludlow  lignitic  member  of 
the  Lance.  The  individual  beds  are  probably  not  continuous  over 
large  areas,  but  where  one  pinches  out  another  or  several  others  may 
appear  in  the  section,  so  that  wherever  the  strata  are  well  exposed 
one  or  more  beds  may  be  seen.  Althbugh  there  is  sufficient  lignite 
exposed  at  several  localities  to  warrant  mining,  the  demand  for  fuel 
is  not  great  and  only  two  small  strip  mines  have  been  opened!  At 
the  Red  Butte  mine  (location  315;  see  PI.  VII),  in  sec.  35,  lignite  is 
mined  from  the  upper  bed,  and  at  the  Mendenhall  mine  Gocations  325 
and  326),  in  sec.  1,  the  middle  and  lower  beds  are  worked.  Analyses 
13222  and  13220  (p.  42)  show  the  quality  of  the  lignite  in  the  two 
beds,  respectively.  The  beds  were  measured  at  a  number  of  places 
along  the  west  face  of  the  SUm  Buttes.  and  the  following  table  shows 
their  thickness  and  correlation* 


T.  18   N.,  R.  7   E. 
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Sections  ofligniU  beds  in  T.  17  iV.,  R.  7  E. 


No. 

on 

PLL 


313 


314 
315 
316 
317 


318 
319 
320 
321 
322 
323 
324 


326 
327 


Location. 


8E.  I  sec.  35. 


..,.do 

NE.iaec.35. 
SW.i9ec.26. 
NW.i9ec.26. 


do 

SE.  i9ec.23.. 
NE.  i9ec.23. 
SW.  isec.  13. 
NW.i9ec.l2. 
do 


SW.isecl. 
SE.  isec.l. 
Sec.  2 


Bed. 


Middle  and  lower. 


Higbest. 
....do.. 


Middle  and  lower. 
Upper 


Middle. 

Lower. 

Upper. 


.do. 


.do. 


.do. 


do. 

do. 

Middle. 


Middle  and  lower. 

Upper 

Unoorrelated 


Section. 


Clay.  Ft.  in. 

L'enite,  dirty 1     9 

Shale,  brown 2     1 

Lignite 6 

Shale,  black  to  brown 1     7 

Lignite 3 

Shale,  brown 1 

Lignite 3 

Shale.  

Totalaection 6     0 

Total  lignite 2     9 

See  Plate  VII. 

Do. 

Shale,  brown,  with  thin  bands  of  lignite 10     0 

Sandstone. 

Shale,  carbonaceous S 

Lignite,  dirty 4     8 

Shale. 

Interval 12 

Lignite,  dirty 2     8 

Totalsection 19     7 

Totalllgnite 7     4 

Lignite,  dirty 2     0 

See  Plate  VU. 

Do. 

Do. 

Do. 

Lignite,  dirty 2     4 

Lignite,  dirty 2     6 

Interval 10     0 

Lignite 1     0 

Totalsection 13     6 

Totalllgnite 3     0 

See  Plate  VU. 

Do. 

Lignite,  dirty 2     6 


T.  IS  N.,  K.  7  B. 

Several  streams  flowing  in  wide  valleys  converge  toward  the 
northwest  comer  of  T.  18  N.,  R.  7  E.,  where  they  join  to  form  Squaw 
Creek.  Sioux  Creek,  one  of  the  largest,  heads  in  Reva'Gap,  in  the 
Slim  Buttes.  Between  the  streams  are  fairly  high  divides  capped 
by  rocky  points.  The  northeast  and  southeast  comers  of  the  town- 
ship are  occupied  by  parts  of  the  high  Slim  Buttes  mesa,  which  stands 
about  600  feet  above  the  general  level  of  the  plains.  Numerous 
good  springs  issue  from  rocks  along  the  edge  of  the  mesa,  and  several 
lai^e  stock  ranches  have  been  so  located  as  to  take  advantage  of  the 
excellent  water.    Only  a  small  part  of  the  area  is  cultivated. 
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The  lower  part  of  the  Lance  formation  outcrops  in  the  stream 
valleys,  and  the  Ludlow  lignitic  member  caps  the  divides  and  out- 
crops around  the  Slim  Buttes.  The  Ludlow  in  turn  is  overlain 
unconformably  by  clay  and  conglomeratic  sandstone  of  the  White 
River  formation.  The  highest  formation  exposed,  making  the  diflF 
of  the  buttes,  is  a  fine-grained  whitish  sandstone  which  is  supposed 
to  belong  to  the  Arikaree  ( ?)  sandstone.  The  lignite-bearing  strata 
dip  gently  to  the  northeast. 

The  more  valuable  beds  of  lignite  outcrop  around  the  borders  of 
the  Slim  Buttes  in  the  Ludlow  lignitic  member  of  the  Lance.  These 
beds  vary  considerably  in  thickness  from  point  to  point,  as  do  also 
the  distances  between  them.  The  section  at  location  333  (see  PL 
VII),  in  the  SW.  J  sec.  24,  probably  includes  all  the  beds  and  may 
be  considered  typical  for  the  southwestern  part  of  the  township.  It 
comprises  three  beds  of  Ugnite  more  than  4  feet  thick  and  two  thinner 
beds.  Eastward  from  that  place  the  strata  are  concealed  for  about 
a  mile,  and  where  they  are  exposed  again  at  location  334,  in  sec.  24, 
each  of  the  beds  is  only  2  feet  or  less  in  thickness.  The  section  is  as 
follows: 

Section  ofligniU  beds  at  location  S34,  in  the  SE.  i  sec.  24,  T.  18  N.,  R.  7  E, 

Clay.  Ft.   In. 

Lignite 1    11 

Clay 9      0 

Lignite 1      0 

Shale,  brown,  sandy,  carbonaceous 15      0 

Lignite,  somewhat  dirty 2      0 

Shale.  

Total  section 28    11 

Total  lignite .-^ 4    11 

South  of  location  333  both  the  lower  beds  of  that  section  are 
exposed  at  location  322  and  the  lowest  bed  at  locations  330  and  328. 
At  location  328  the  bed  is  13  feet  8  inches  thick  and  is  the  thickest 
bed  in  this  part  of  the  field.  The  bed  is  separated  into  two  benches 
by  1  inch  of  shale,  which  presiunably  thickens  toward  the  south,  so 
that  the  single  bed  at  location  328  represents  the  two  lower  beds  at 
locations  325  and  326,  in  the  township  south  of  this  one.  The  middle 
bed  of  section  333  is  exposed  at  location  331  and  is  probably  repre- 
sented by  the  two  beds  at  location  329.  These  beds  are  7  feet  10 
inches  and  3  feet  11  inches  thick,  and  are  separated  by  only  3  feet 
1  inch  of  shale  and  sandstone.  The  detailed  sections  at  all  these 
points  are  shown  in  Plate  VII. 

North  of  Sioux  Creek,  on  the  east  side  of  sec.  1,  four  beds  of  lignite 
are  exposed  within  a  stratigraphic  distance  of  about  100  feet.  The 
highest  is  nearly  12  feet  thick  and  is  represented  on  Plate  VII  by 
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section  335.  Ten  feet  below  is  a  bed  which  is  2  feet  6  inches  thick 
(location  336) ,  and  45  feet  below  is  a  third  bed  of  dirty  lignite  (loca- 
tion 337),  2  feet  4  inches  thick.  The  bed  exposed  at  location  338 
is  the  lowest  in  the  section  and  contains  2  feet  6  inches  of  excellent 
lignite.  In  another  gully,  less  than  half  a  mile  farther  west,  the  two 
upper  beds  are  absent  and  the  base  of  the  White  River  formation 
is  considerably  lower.  This  seems  to  indicate  that  erosion  had  pro- 
duced a  rather  irregular  surface  in  this  vicinity  before  the  White 
River  sediments  were  deposited.  The  two  lower  beds  are  poorly 
exposed,  but  both  appear  at  location  339,  in  the  SW.  i  sec.  1,  where 
the  upper  of  the  two  is  2  feet  thick  and  the  lower  1  foot  9  inches  thick 
and  of  good  quality.  Half  a  mile  farther  west,  at  location  340,  each 
bed  is  less  than  a  foot  thick.  Northwestward  beyond  this  point  the 
beds  could  not  be  followed  and  are  presiunably  absent. 

Below  the  beds  described  is  a  lens  2  feet  2  inches  thick,  occurring 
in  sec.  5  at  location  341,  at  the  base  of  the  Ludlow  lignitic  member 
of  the  Lance  formation.  At  about  50  feet  below  this  bed,  in  the 
lower  part  of  the  Lance,  the  following  section  is  exposed: 

Sedum  ofligniU  beds  at  locaticm  S42y  in  the  8E.  J  sec.  4,  T.  18  N.,  R,  7  E. 

Shale.  Ft.  in. 

Lignite... 2  3 

Shale,  brown 4  7 

Lignite,  dirty 3  04- 

Total  flection 9^  10+ 

Total  lignite 5      3+ 

The  bottom  of  the  bed  was  covered  by  water,  preventing  com- 
plete measurement.  This  bed  is  not  present  along  the  valley  to  the 
south  of  Sioux  Creek  and  is  covered  by  wash  north  of  location  342, 
but  it  is  probably  the  same  bed  as  the  one  exposed  at  location  343, 
in  the  township  to  the  north. 

T.  19  v.,  B.  7  E. 

The  South  Fork  of  Grand  River  crosses  the  northwestern  part  of 
T.  19  N.,  R.  7  E.,  in  a  wide  sandy  valley  and  receives  the  drainage 
of  the  whole  area  north  of  the  Slim  Buttes.  These  buttes,  which 
rise  about  600  feet  above  the  general  level  of  the  surroundmg  coun- 
try, occupy  the  southeastern  part  of  the  township.  North  and 
west  of  the  buttes  the  surface  is  deeply  dissected  into  intricate  bad- 
lands. Niunerous  prominent  ridges  and  buttes  are  capped  by  the 
resistant  red  clinker  caused  by  the  burning  of  lignite  beds  and  form 
striking  features  of  the  area.  Slumps  are  especially  common  about 
the  edge  of  the  mesa,  in  many  places  obscuring  the  lignite  beds. 
Numerous  springs  occur  at  the  base  of  the  Slim  Buttes,  but  the 
rugged  nature  of  the  smiace  in  their  vicinity  has  prevented  the 
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establishment  of  ranches  or  farms  that  could  take  advantage  of  the 
water.  Only  a  very  smaQ  part  of  the  township  is  suitable  for  culti- 
vation. 

The  main  valleys  are  cut  into  the  lower  part  of  the  Lance  formation, 
and  the  Ludlow  lignitic  member  outcrops  along  the  divides  and  in  a 
narrow  belt  about  the  foot  of  the  buttes.  The  Ludlow  is  overlain 
unconformably  by  the  non  lignite-bearing  conglomeratic  sandstone 
and  clay  of  the  White  River  formation,  and  these  in  turn  by  the  fine- 
grained Arikaree  (?)  sandstone. 

The  Ugnite-bearing  beds  dip  gently  to  the  northeast.  Several  beds 
of  lignite,  all  of  rather  poor  quality  and  of  slight  extent,  crop  out 
in  the  township.  The  lowest  bed  is  near  the  top  of  the  lower  part  of 
the  Lance  formation  and  is  thought  to  be  the  same  bed  as  the  one  on 
which  section  342  was  measured,  in  T.  18  N.,  R.  7  E.  At  location 
343,  in  sec.  33  of  this  township,  it  is  thicker  than  to  the  south,  but 
poor  in  quality.  (See  PL  VII.)  To  the  north  the  bed  thins  and  is 
not  exposed  in  the  valley  in  sees.  27  and  28,  but  at  locations  344^ 
345,  and  346  sections  were  obtained,  and  the  lens  at  location  347, 
in  sec.  22,  is  supposed  to  represent  the  same  bed. 

Sections  of  beds  along  lowest  lignite  horizon  in  T,  19  N.,  R.  7  E, 


Locatkm  S44.  NE.  i  Bee.  29. 

Shale.                                             Ft.  in. 

Lignite 1  3 

Shale>  brown 1  6 

Lignite 1  11 

Shale.  

Totaleection 4  8 

Totallignite 3  2 

Location  S46.  SW.  }  sec  20. 

Shale,  brown. 

Lignite 10 

Shale,  carbonaceous 2  0 

Clay 10  0 

Shale,  brown 1  0 

Lignite 10 

Shale.  

Totaleection 14  8 

TotalUgnite 1  8 


LooUloB  S46.  NE.  i 

Shale,  brown. 

Lignite 

Shale,  brown 

Lignite 

Shale. 


.21. 


Ft.    in. 

1       4 

6 

5 


Totaleection 2      3 

Totallignite 1      9 

LocatkMi  S47.  NE.  \  sec  22. 

Clay. 

Lignite,  dirty 9 

Clay,  gray,  with  thin  bands  of 

lignite 4      6 

Lignite 1      4 

Lignite,  very  dirty 9 

Clay. 


Total  section 7      4 

Totallignite 2    10 


A  bed  of  Ugnite  at  the  base  of  the  Ludlow  Hgnitic  member  of  the 
Lance  is  exposed  at  three  places.  At  location  352,  in  sec.  15,  it  is 
represented  by  a  thick  bed  of  shale  with  10  inches  of  lignite;  at  loca- 
tion 353,  in  sec.  23,  it  is  represented  by  1  foot  6  inches  of  lignite,  with 
a  3-inch  shale  parting  6  inches  from  the  top.  A  more  extensive  lens 
has  considerable  lignite  at  locations  355  and  356,  in  sec.  12  (see  PI. 
VII),  and  at  location  354,  in  sec.  13,  there  is  2  feet  3  inches  of  lignite 
with  a  2-inch  shale  parting  in  the  middle. 
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Several  isolated  outcrops,  probably  representing  small  lenses  of 
lignite,  occur  higher  in  the  Ludlow  member.  Three  of  these  are 
exposed  in  a  gully  in  the  south  side  of  sec.  26;  the  lowest,  at  location 
360,  is  1  foot  1  inch  thick;  the  next,  at  location  359,  contains  1  foot 
7  inches  of  poor  lignite;  and  the  upper,  at  location  358,  contains  2 
feet  1  inch  of  good  lignite.  At  location  365,  in  the  northwest  comer 
of  sec.  24,  the  following  measurement  of  a  Ugnite  bed  near  the  base 
of  the  Ludlow  member  was  made: 

Seetum  ofligniU  bed  at  location  S65,  in  «ec.  24,  T.  19  N.,  R.  7  E. 

Clay,  gray. 

Lignite 

Clay 

Lignite,  dirty 

Lignite 

Lignite,  dirty : 

Clay. 

Total  section 4      6 

Total  lignite 2      6 

At  location  357,  in  the  southwest  comer  of  sec.  14,  there  is  a  bed 
1  foot  6  inches  thick,  probably  the  same  as  that  underlying  the  ridge  in 
the  center  of  the  township,  along  which  sections  348, 349, 350,  and  351 
were  measured.  The  cover  above  the  bed  at  these  four  locations  is 
not  great,  so  it  is  probable  that  the  lignite  has  deteriorated  con- 
siderably through  oxidation  and  is  of  Uttle  value.  Li  a  small  strip 
pit  at  location  351,  in  sec.  9,  there  are  two  beds  containing  4  feet  4 
inches  and  3  feet  4  inches  of  lignite,  separated  by  2  feet  3  inches  of 
shale.  (See  PI.  VII.)  To  the  south  this  bed  thins  to  3  feet  4  inches 
at  location  350  and  is  less  valuable  at  locations  348  and  349,  as  is 
shown  by  the  following  sections: 

Seelvm  of  Ugnite  beds  in  the  8E.  \  sec.  16,  T.  19  N.,  R.  7  E. 


Ft. 

In. 

6 

2 

0 

4 

1 

0 

9 

U»c«Clon  S48. 

Shale.  Ft.  in. 

Lignite 7 

Shale,  brown 1 

Lignite 1      0 

Shale,  brown 2 

Lignite 9 

Shale,  brown 1 

Lignite 8 

Shale.  


U»c«tion  S49. 

Shale,  brown.  Ft.   in. 

Lignite 3 

Shale,  brown 2    11 

Lignite,  dirty 2      7 

Bone 3 

Lignite 4 

Clay.  

Total  section 6      4 

Total  lignite 3      2 


Totalsection 3      4 

Total  lignite 3      0 

At  the  foot  of  the  Slim  Buttes  is  the  outcrop  of  a  thick  series  of 
brown  and  black  shale,  with  several  beds  of  lignite.  This  series  will 
be  considered  as  a  whole,  because  the  correlation  of  separate  beds 
is  rendered  uncertain,  not  only  by  the  varying  character  of  the  beds 
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themselves  but  also  by  the  slumpmg.  No  lignite  is  present  in  the 
series  in  sec.  35,  but  at  location  361,  in  sec.  26,  two  beds  2  feet  4  inches 
and  2  feet  1  inch  thick  are  exposed,  separated  by  2  feet  6  inches  of 
shale.  Both  beds  thicken  to  the  north  and  the  distance  between 
them  is  less,  as  shown  by  sections  362  and  363,  Plate  VII.  At  15 
feet  below  section  363  there  is  another  bed  (section  364),  containing 
3  feet  7  inches  of  hgnite,  separated  into  two  benches  by  4  inches  of 
shale.  At  location  366,  in  the  NE.  {  sec.  23,  near  the  top  of  a  small 
butte,  the  hgnite  is  so  much  weathered  that  the  quaUty  is  uncertain, 
but  the  bed  is  at  least  4  feet  thick.  At  location  367  (see  PI.  VII) 
several  thin  beds  of  hgnite  interbedded  with  shale  represent  the 
horizon.  At  location  368,  in  sec.  24,  the  following  section  is  exposed 
in  a  bed  25  feet  below  the  one  just  described: 

SecUon  of  lignite  bed  at  location  S68,  in  the  NE.  J  8ec.  24,  T.  19  N.,  R.  7  E. 

Shale.                                                                                                       Ft.  In. 

Lignite,  dirty 11 

Shale,  brown -. 1  2 

Lignite 2  0 

Shale.  

Total  section 4  1 

Total  lignite 2  11 

Slumping  of  the  younger  rocks  has  been  especially  common  along 
the  north  side  of  the  Slim  Buttes,  and  here  and  there  the  lignite  beds 
themselves  are  out  of  place,  so  that  in  sec.  24  the  correlation  of  the 
different  measured  sections  is  uncertain.  Sections  369  and  370  (PL 
VII)  -are  supposed  to  represent  the  same  bed  as  section  367,  and  the 
following  section  (No.  371)  is  on  the  same  bed  as  section  368. 

Section  of  lignite  bed  at  location  S71,  in  the  NE.  J  sec,  24,  T.  19  N.,R.7  E, 

Shale.                                                                                                       Ft.  In. 

Lignite,  dirty 6 

Lignite 1  2 

Shale,  brown 1  0 

Lignite 2  0 

Shale.  

Total  section 4  8 

Total  lignite 3  8 

A  bed  of  lignite  2  feet  5  inches  thick,  with  a  2-inch  shale  parting 
near  the  top,  outcrops  high  on  the  side  of  the  mesa,  but  just  below 
the  White  River  formation,  at  location  372,  in  the  SE.  i  sec.  24.  This 
is  probably  the  same  bed  as  that  showing  at  location  335,  in  T.  18  N., 
R.  7  E.,  but  the  bed  does  not  outcrop  elsewhere  in  T.  19  N.,  R.  7  E. 

T.  20  v..  B.  7  E. 

The  southern  part  of  T.  20  N.,  R.  7  E.,  lies  in  the  broad,  slightly 
rolling  sandy  valley  of  the  South  Fork  of  Grand  River.     Along  the 
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south  side  of  the  nver  there  is  a  well-defined  terrace  about  35  feet 
above  water  level.  North  of  the  river  the  surface  rises  gradually  to 
rocky  divides  capped  by  level-topped  buttes  that  occupy  consider- 
able areas.  The  high  lands  are  drained  by  Horse  and  Coal  creeks, 
which  flow  southeastward  in  broad,  open  valleys. 

The  Lance  is  the  only  formation  outcropping  in  this  township. 
The  Ludlow  Ugnitic  member  of  the  Lance  underUes  the  divides  and 
the  higher  land  to  the  north.  In  general  the  rocks  show  a  very 
slight  northeasterly  dip,  but  there  seems  to  be  a  gentle  anticline 
trending  north  in  the  northeastern  part  of  the  township,  which  gives 
in  sec.  22  a  distinct  local  northwest  dip  of  more  than  3°.  Elsewhere 
the  dip  does  not  exceed  100  feet  to  the  mile. 

Several  beds  of  lignite,  all  lenticular,  are  exposed  in  this  township, 
but  many  of  them,  being  but  a  few  inches  thick,  are  not  represented 
on  the  map.  As  in  many  other  townships  in  this  field,  there  is  a  bed 
of  lignite  about  40  feet  below  the  base  of  the  Ludlow  Ugnitic  member. 
It  was  examined  at  several  places  but  was  mapped  only  at  location 
373,  in  sec.  20,  where  there  is  1  foot  of  lignite  and  several  feet  of 
brown  shale.  At  the  base  of  the  Ludlow  member  lenses  are  present 
at  a  nmnber  of  places,  but  only  the  two  more  valuable  ones  are  shown 
on  the  map.  The  one  at  location  374,  in  sec.  17,  has  a  total  of  2  feet 
10  inches  of  dirty  lignite,  with  a  2-inch  sandy  parting  near  the  bottom. 
In  sec.  23  the  bed  was  traced  for  a  mile;  at  location  375  it  is  1  foot 
4  inches  thick,  and  at  location  376,  1  foot  8  inches  thick. 

At  least  five  beds  of  lignite  crop  out  in  the  area  occupied  by  the 
Ludlow  lignitic  member.  The  relation  and  correlation  of  these  beds 
are  shown  in  the  followii^  table: 

Relation  and  oorrelatum  of  lignite  beds  in  the  Ludlow  lignitic  member  of  the  Lance  forma- 
tion in  T.  20  N.,  R.  7  E. 

Lignite  bed  shown  in  sectionfl  401  and  387,  Plate  VII,  and  389, 
page  93.  Feet. 

Interval 10 

Lignite  bed  shown  in  sections  388  and  390,  page  92. 

Interval 40-60 

Lignite  bed  shown  in  sections  377,  378,  382,  383,  384,  385,  396,  397, 
398,  and  399,  Plate  VII,  and  381,  page  92. 

Interval  not  known. 

Lignite  bed  shown  in  section  391,  page  92. 

Interval  not  known. 

Lignite  bed  shown  in  sections  392  and  393,  page  92. 

Uncorrelated: 

Section  436,  Plate  VII. 
Sections  379  and  380,  page  93. 
'    Section  394,  page  93. 
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Of  these  beds  the  highest  shows  the  thickest  section  (sec.  40! 
PI.  VII),  but  the  bed  underlies  only  small  areas  in  sees.  4  and  5,  a 
is  therefore  commercially  unimportant. 

Ten  feet  below  this  thick  bed  is  one  which  is  exposed  at  only  t 
places.    At  location  388,  in  sec.  5,  there  is  less  than  a  foot  of  Ug 
and  at  location  390,  in  sec.  4,  the  bed  is  2  feet  1  inch  thick. 

The  third  bed,  40  to  60  feet  lower,  imderlies  a  considerable 
and  is  the  only  one  of  value  in  this  township.     As  shown  by  the  se 
tions  on  Plate  VII,  the  bed  ranges  in  thickness  from  2  feet  2  inches 
location  377,  in  sec.  22,  to  6  feet  4  inches  at  location  399,  in  sec. 
At  location  381,  in  sec.  3,  the  bed  is  only  2  feet  thick.     Sections  37 
378,  396,  397,  and  398  were  measured  in  isolated  hills  where  the  b 
imderlies  only  small  areas. 

A  lower  bed  at  location  391,  in  the  SE.  J  sec.  4,  shows  the  foUowingi 
section:  S 

Section  of  ligniU  bed  at  location  S91,  in  the  SE.  i  sec,  4y  T.  20  N.,R.7  E. 

Shale.  Ft.    to. 

Lignite 7 

Shale,  brown 1      2 

Lignite 10 

Lignite,  dirty 3 

Shale.  


Total  section 2    10 

Totallignite 1      8 

The  lowest  bed  is  exposed  at  locations  392  and  393,  where  the  follow- 
ing sections  were  measured : 


6" 


'or 


Sections  of  lignite  in  sees.  4  and  5,  in  T.  20  N.,  R.7  E, 


Loeatfoa  392.  S«c  6. 

Shale.  Ft.  In. 

Lignite,  dirty 8 

Shale,  brown 13  0 

Lignite 3  4 

Shale.  

Total  section 17  0 

Totallignite 4  0 


Loeatlon  S9S.  Sec.  4. 

Shale.  Ft.  In. 

Lignite,  dirty 1  1 

Clay li 

Lignite 1  3 

Shale.  

Total  section 2  5} 

Totallignite 2  4 


The  following  sections  of  beds  exposed  at  four  other  locations  could 
not  be  correlated  with  the  beds  already  described  and  are  therefore 
treated  as  isolated  exposures  and  may  represent  only  local  lenses: 


T.21  H,  R.  5  E. 


161  162  t63. 


ll 


T.ZI  N,R.3  E. 


i"  148 

I 


T.  21    N.,  R.  7   E. 
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Satiora  of  uncarrelated  lignite  beds  in  T.  20  N.,  R.7  E. 


Locatton  ST9.  SE.  \  sec  1. 

Ft.  in. 

Lignite 2  0 

LocBliM  MO.  NE.  i  wc  1. 

Shale,  brown. 

Lignite 8 

Shale 1 

Lignite 1  0 

Shale 34  0 

Lignite ».  5 

Shale 2 

Lignite,  dirty 6 

Shale 2 

Lignite,  dirty 10 

Shale.  


Total  section 37    10 

Total  lignite 3      5 


Loeatlon  S94.  Sec.  3. 


Lignite,  poor. 
Lignite 


Ft.    In. 
10 


Locmtkm  4S6.  NE.  \  aer.  1. 

Shale. 

Lignite 3 

Shale. 

Loeatton  889.  NW.  i  sec.  4. 

Shale,  brown. 

Lignite,  dirty 2 

Shale,  brown 1 

Lignite 

Shale.  


3 

6 

10 


Total  section 4      7 

Total  lignite 3      1 


T.  21  v.,  B.  7  E. 

The  high  divide  extending  southeastward  across  T.  21  N.,  R.  7  E., 
from  sec.  19  separates  the  drainage  of  Big  Nasty  Creek  from  that  of  the 
South  Fork  of  Grand  River  and  has  an  average  altitude  of  about 
3,200  feet  above  sea  level.  South  of  the  divide  the  land  is  deeply 
dissected  into  badlands,  with  many  bare  slopes  and  sharp  valleys. 
To  the  north  the  country  is  less  broken  and  is  grass-covered.  Much 
of  the  region  is  rugged,  and  level  tracts  of  tillable  land  are  scarce. 
There  are,  however,  small  areas  of  fairly  level  land  in  the  east-central 
part  which  have  been  farmed.  Springs  are  numerous  in  the  area  and 
furnish  good  water  for  stock;  none  of  the  land,  however,  is  so  situated 
that  it  could  be  irrigated,  except  possibly  a  few  small  areas  along  the 
valley  of  Big  Nasty  Creek.  Nearly  all  the  middle  and  northern 
portions  of  the  township  have  been  filed  upon  by  homesteaders,  but 
the  southern  two  tiers  of  sections  are  comparatively  unoccupied. 

The  lowest  rocks  outcropping  in  this  township  are  exposed  in  the 
valley  of  Horse  Creek,  in  sec.  34,  where  the  dark  argillaceous  shale  of  the 
lower  part  of  the  Lance  formation  occupies  a  small  area.  The  greater 
part  of  the  lower  350  feet  of  the  geologic  section  is  assigned  to  the 
Ludlow  lignitic  member  of  the  Lance  formation  and  consists  of  sandy 
and  carbonaceous  shale,  calcareous  sandstone,  and  lignite  inter- 
bedded.  The  upper  60  or  100  feet  of  rocks  are  assigned  to  the  Fort 
Union  formation.  They  are  very  fine  grained,  sandy,  and  of  light 
color.  Small  areas  of  alluvium  occur  along  the  valley  of  Big  Nasty 
Creek  but  were  not  mapped.  The  strata  have  a  northeastward  dip 
of  15  to  25  feet  to  the  mile.  In  the  southeast  comer  of  the  township, 
in  sees.  25  and  26,  there  seem  to  be  local  folds  which  cause  the  strata 
to  dip  to  the  northwest. 
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There  is  an  abundance  of  lignite  in  this  township.  Two  important 
beds  and  several  unimportant  beds  were  mapped.  The  thinner  beds 
are  the  lowest  and  the  thicker  beds  the  highest  in  the  geologic  section. 

The  Giannonatti  bed  is  the  highest  and  thickest^  having  a  maximum 
thickness  of  13  feet  6  inches  at  location  414  (see  PI.  VTII),  in  the 
northeast  comer  of  sec.  29,  and  an  average  thickness  in  this  township 
of  more  than  8  feet.  Three  strip  pits  have  been  opened  on  this  bed 
at  locations  416^  416,  and  417  near  the  head  of  Horse  Creek,  but  the 
total  thickness  of  the  bed  is  not  exposed  at  any  of  these  places,  so 
that  the  bed  may  be  much  thicker  than  is  shown  by  the  sections. 
The  bed  is  exposed  at  locations  406  to  421,  423  to  425,  and  435.  The 
bed  outcrops  along  the  divide  in  the  southern  part  of  the  township 
and  is  supposed  to  be  the  same  as  the  main  lignite  bed  aroimd  the 
North  Cave  Hills  and  the  T  Cross  bed  at  Ives,  N.  Dak.  The  lignite 
of  this  bed  is  good,  containing  a  very  little  shale  and  a  small  amount 
of  marcasite  as  impurity.  All  the  sections  measured  on  this  bed  are 
shown  graphically  in  Plate  VIII. 

In  the  vicinity  of  Two  Tops  Buttes,  in  the  southeast  comer  of  the 
township,  there  is  a  thin  bed  of  lignite  3  feet  3  inches  to  4  feet  in 
thickness  (sections  434,  435,  and  438,  PL  VIII),  11  feet  below  the 
Giannonatti  bed. 

The  Widow  Clark  lignite  bed,  so  called  because  it  is  well  exposed  (9 
feet  6  inches)  in  the  neighborhood  of  the  Clark  ranch,  at  location  442, 
in  sec.  14,  is  50  to  70  feet  below  the  Giannonatti  bed.  Sections  402, 404, 
405, 427  to  429, 431  to  433, 437,  and  439  to  450  (see  PL  VIII),  which  are 
supposed  to  represent  the  bed,  show  a  considerable  variation  in  thick- 
ness as  well  as  quaUty  of  lignite.  At  location  444,  on  the  east  side  of 
sec.  24,  .the  bed  is  2  feet  11  inches  thick,  but  at  other  places  along  the 
outcrop  in  the  same  valley  it  shows  a  much  greater  thickness.  (See  sec- 
tions 440  to  443,  PL  VIII.)  Abed  at  location  437,  in  the  southern  part 
of  sec.  36,  doubtfully  correlated  with  it,  is  3  feet  thick.  If  this  is  not 
the  same  bed,  then  the  Widow  Clark  lignite  is  of  little  value  in  sec. 
36.  In  the  southwest  comer  of  the  township  measurements  on  what 
is  supposed  to  be  the  Widow  Clark  Ugnite  range  from  3  feet  to  8  feet 
2  uxches  (locations  402,  404,  405,  427,  428,  429,  431,  431A,  432,  and 
433).  At  locations  446  to  450,  on  the  south  side  of  Big  Nasty  Creek, 
there  is  a  lignite  bed  which  is  correlated  with  the  Widow  Clark  bed. 
At  locations  446,  447,  and  448,  in  sees.  3  and  9,  it  is  about  2  feet  10 
inches  thick,  but  at  location  449,  in  sec.  8,  it  is  of  little  value.  At 
location  450,  in  sec.  6,  a  carbonaceous  zone,  which  was  considered  to 
be  at  the  same  horizon,  is  exposed,  but  the  thickest  bed  of  lignite  is 
only  1  foot  6  inches  thick. 

The  Bond  bed  outcrops  in  sec.  4  and  contains  2  feet  1  inch  of 
lignite  at  location  451  and  3  feet  8  inches  of  lignite,  separated  into 
two  parts  by  10  inches  of  carbonaceous  shale,  at  location  452. 
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Along  the  stream  valley  in  sec.  33  a  thin  bed  of  lignite  about  3  feet 
thick  is  exposed  at  locations  453  and  454.  This  bed  may  be  the  same 
as  that  seen  at  location  426,  in  sec.  31 ,  and  the  lower  lignite  bed 
exposed  at  locations  409  and  405. 

A  bed  of  lignite  lying  between  the  Widow  Clark  and  Giannonatti 
bed  outcrops  at  locations  409,  410,  403,  and  430,  in  sees.  31,  32,  and 
33.  It  ranges  in  thickness  from  3  feet  to  4  feet  2  inches.  At  location 
422,  in  sec.  8,  a  bed  of  lignite  above  the  Giannonatti  bed  shows  2  feet 
2  inches  of  lignite  separated  by  3  feet  3  inches  of  shale  from  a  higher 
bed  of  lignite  3  feet  thick. 

T.  22  v.,  B.  7  E. 

The  Tepee  Buttes,  the  most  prominent  topographic  feature  in 
T.  22  N.,  R.  7  E.,  consist  of  several  high,  pointed  hilLs  in  sees.  5,  6,  7, 
and  8.  A  great  number  of  bowlders  from  the  quartzitic  bed  of  the 
Fort  Union  formation  cover  these  hills.  The  highest  point  in  the 
township  is  located  in  the  middle  of  sec.  7  and  has  an  altitude  of 
3,266  feet  above  sea  level.  Eastward  from  the  Tepee  Buttes  a  rather 
high,  flat  divide,  with  an  altitude  of  about  3,000  feet  above  sea  level, 
extends  across  the  area  and  joins  the  high  table-land  in  T.  22  N., 
R.  8  E.  From  this  divide  the  surface  slopes  southeastward  to  Big 
Nasty  Creek  and  northward  to  the  North  Fork  of  Grand  River. 
Away  from  the  Tepee  Buttes  the  surface  is  roughly  rolhiig  and  grass- 
covered,  and  on  the  south  side  of  the  divide  there  are  several  steep 
hills,  capped  by  rugged  ledges  of  sandstone.  The  uplands  are  com- 
pletely dissected  and  well  drained,  and  the  relief  is  virtually  at  a 
maximum.  The  larger  streams  meander  widely  over  the  lower  por- 
tions of  their  valleys.  Big  Nasty  Creek  contains  water  at  nearly  all 
seasons  of  the  year,  and  always  has  numerous  large  pools  of  water 
along  its  course.  Its  larger  tributaries,  WiUiams  Creek  and  Lemmon 
Creek,  are  intermittent  and  flow  in  a  general  southeasterly  direction. 

Nearly  the  whole  of  the  township  has  been  taken  up  in  homesteads, 
and  many  attempts  have  been  made  to  raise  flax,  wheat,  and  com, 
but  with  only  partial  success.  It  is  probable  that  the  land  is  better 
adapted  to  stock  raising  than  to  farming. 

As  the  surface  is  almost  completely  grass-covered  or  cultivated, 
exposures  of  rock  are  very  few,  consequently  a  detailed  study  of  the 
rock  formations  in  this  township  is  very  difficult.  All  the  rocks 
exposed,  except  those  along  the  divide  in  the  northern  part  of  the 
township,  are  assigned  to  the  Ludlow  lignitic  member  of  the  Lance 
formation,  which  consists  principally  of  soft  yellowish  sandstone, 
with  beds  of  light-colored  sandy  shale  and  lignite.  In  places  the 
rocks  of  the  Ludlow  member  show  a  marked  resemblance  to  those  of 
the  overlying  Fort  Union  formation,  and  the  hne  between  the  two  is 
therefore  an  indefinite  one.  All  the  lignite  beds  outcropping  in 
this  part  of  the  field  belong  to  the  Ludlow.    The  Fort  Union  forma- 


96  THE  LIGNITE  FIELD  OF  NORTHWESTERN  SOUTH  DAKOTA. 

tion  is  confined  to  the  northern  part  of  the  township,  and  occupies 
only  the  higher  areas.  It  is  composed  principa^Uy  of  yellow  sand- 
stone, but  contains  some  shale,  and  its  total  thickness  possibly  does 
not  exceed  100  feet.  A  narrow  strip  of  alluvium  borders  Big  Nasty- 
Creek  as  a  thin  coating  a  few  feet  thick.  The  beds  have  a  north- 
easterly dip  of  less  than  25  feet  to  the  mile,  as  determined  by  eleva- 
tions along  hgnite  outcrops.  Local  minor  variations  occur  in  this 
structure. 

Several  thin  beds  of  lignite  outcrop  in  the  township.  The  correla- 
tion of  outcrops  on  the  south  and  north  sides  of  the  divide,  in  the 
middle  of  the  township,  is  nearly  impossible,  because  of  the  grass- 
covered  surface  which  conceals  nearly  all  key  rocks.  In  the  southern 
part  of  the  township  the  Bond  bed  is  the  lowest  of  value.  It  attains 
its  maximum  thickness  (see  PL  VIII)  at  the  small  mine  in  sec.  28 
(location  457),  where  there  is  reported  to  be  more  than  7  feet  of 
lignite,  though  at  the  time  of  examination  only  3  feet  was  exposed 
above  water.  The  bed  is  4  feet  thick  at  location  455,  in  sec.  32,  and 
also  at  the  mine  on  the  Bond  ranch  (location  456).  Sections  455  to 
458  and  460,  Plate  VIII,  represent  the  Bond  bed.  It  ranges  in  thick- 
ness from  1  foot  9  inches  at  location  462  to  more  than  7  feet  at  location 
457.  At  locations  459,  461,  and  463,  which  are  assumed  to  be  on  the 
same  bed,  the  thicknesses  are  1  foot  3  inches,  1  foot  4  inches,  and 
1  foot  4  inches,  respectively. 

At  20  feet  below  the  Bond  bed  there  is  a  bed  showing  in  a  spring 
at  the  Bond  ranch  a  thickness  of  1  foot  1  inch.  About  60  feet  above 
the  Bond  bed  is  another  exposed  at  locations  464  to  467.  In  a  small 
mine  at  location  465,  near  the  west  side  of  sec.  21,  there  is  3  feet 
8  inches  of  Ugnite.  At  location  466  this  bed  contains  2  feet  8  inches 
of  dirty  lignite,  but  at  locations  467  and  464  the  lignite  is  replaced  by 
carbonaceous  shale.  Above  the  bed  just  described,  in  the  NW.  i 
SW.  i  sec.  30  and  in  the  NW.  i  sec.  20,  there  are  two  small  areas  of 
clinker  which  are  supposed  to  be  on  the  same  bed  as  that  reported  to 
be  3  feet  thick  in  the  well  in  the  NW.  i  sec.  18. 

North  of  the  Tepee  Buttes  there  are  three  beds  of  minor  importance. 
The  bed  exposed  at  locations  468,  470,  and  469  is  the  upper  one,  its 
elevation  being  about  2,950  feet  above  sea  level.  It  ranges  in  thick- 
ness from  1  foot  3  inches  at  location  468  to  2  feet  at  location  469. 
About  30  feet  below  this  is  a  bed  which  at  location  471,  in  sec.  6,  is  1 
foot  4  inches  thick,  and  in  the  small  mine  at  location  472  is  1  foot 
6  inches  thick.  The  third  and  lowest  bed,  which  is  correlated  on 
the  basis  of  its  altitude  with  the  lowest  bed  in  the  township  to  the 
west,  is  exposed  at  location  473,  where  it  is  1  foot  3  inches  thick. 

T.  23  v..  B.  7  E. 

The  drainage  from  T.  23  N.,  R.  7  E.,  goes  into  the  North  Fork 
of  Grand  River  through  small  tributaries  which  flow  in  a  general 
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northward  direction.  There  are  no  springs  of  importance  in  the 
township,  and  the  inhabitants  are  forced  to  rely  on  wells  as  a  source 
of  water.  The  total  reUef  is  about  225  feet,  one  of  the  highest 
points  being  on  the  State  line  in  sec.  21,  where  the  elevation  is  3,010 
feet  above  sea  level.  Considered  as  a  whole,  the  township  has  a 
rather  uneven,  rolling  surface,  with  a  great  number  of  grassy  slopes. 
The  western  side  of  the  township  is  low,  but  in  the  middle  there  is 
a  fairly  high,  flat  upland  which  is  a  continuation  of  the  larger  plateau- 
like area  to  the  southeast  and  is  due  partly  to  a  cap  of  somewhat 
resistant  sandstone  and  thin  limestone.  In  the  southwest  comer  a 
great  nimiber  of  quartzite  bowlders  are  scattered  over  the  surface 
and,  in  a  small  measure,  protect  it  from  erosion  and  greatly  interfere 
with  cultivation.  These  bowlders  originate  from  a  quartzitic  bed  in 
Ihe  Fort  Union  formation. 

The  township  has  been  fairly  well  settled  by  liomesteaders,  who 
have  attempted  to  grow  flax,  wheat,  and  com,  but  with  only  partial 
success,  and  it  is  probable  that  the  region  is  not  suitable  for  dry 
farming. 

The  lower  200  feet  of  rocks  are  considered  to  belong  to  the  Lance 
formation.  In  the  western  portion  of  the  township  the  lower  part 
of  the  formation  consists  chiefly  of  dark-colored  sandy  shale,  inter- 
bedded  with  a  few  thin  carbonaceous  layers  and  beds  of  sandstone. 
The  upper  part  of  the  Lance  is  differentiated  as  the  Ludlow  lignitic 
member,  because  it  is  slightly  different  in  general  character  from  the 
underlying  beds  and  contains  all  the  Ugnite  beds  in  this  part  of  the 
field.  The  member  contains  more  light-colored  sandstone  and  more 
sandy  shale  than  the  lower  part  of  the  formation  and  is  possibly  in 
part  the  time  equivalent  of  the  Cannonball  marine  member  of  the 
Lance  formation  farther  east.  Above  the  Lance  is  about  50  feet 
of  yellow  sandstone  and  shale,  with  interbedded  thin  limestones,  all 
of  which  are  assigned  to  the  Fort  Union  formation.  Along  the  bot- 
toms of  some  of  the  larger  creeks  alluvimn  was  found,  but  the  areas 
are  so  small  that  they  were  not  mapped. 

No  valuable  bed  of  lignite  occurs  in  the  township,  but  several  thin 
ones  not  shown  on  the  map  are  exposed.  In  sees.  32  and  33  there 
is  a  small  amount  of  red  rock,  which  is  the  result  of  the  burning  of 
a  thin  lignite  bed.  It  is  possible  that  at  least  part  of  the  township 
is  underlain  by  good  lignite,  as  beds  from  4  to  8  feet  thick  are  ex- 
posed in  the  townships  to  the  east  and  north. 

T.  11  v.,  &.  8  s. 

T.  15  N.,  R.  8  E.,  lies  in  the  valley  of  Moreau  River  south  of  the 
Slim  Buttes.  The  surface  is  gently  rolling  and  for  the  most  part 
covered  with  grass.  The  lack  of  sufficient  rainfall  or  surface  water 
in  this  part  of  the  field  has  prevented  settlement,  except  by  a  few 

24015*»— Bull.  627—16 7 


98  THE  LIGNITE  FIELD  OF  NORTHWESTERN  SOUTH  DAKOTA. 

sheep  ranchers.  The  soft  somber-colored  shale  of  the  Lance  forma- 
tion constitutes  the  surface  rock  of  that  part  of  the  township  north 
of  the  river  and  is  not  lignite-bearing.  On  one  of  the  low  terraces 
along  Moreau  River,  in  the  southern  part  of  the  township,  there  are 
numerous  areas  covered  by  subangular  bowlders  of  hard  gray  quartss- 
ite  similar  to  those  scattered  over  the  surface  in  many  other  parts 

of  the  field. 

T.  u  v..  B.  t  E. 

The  Slim  Buttes,  in  the  northern  half  of  T.  16  N.,  R.  8  E.,  stand 
out  as  a  high  mesa  500  feet  above  the  surrounding  country.  The 
south  face  of  the  buttes  (PL  IV,  B,  p.  32)  is  little  dissected  but  rises 
as  an  almost  impassable  wall,  extending  in  an  easterly  direction 
across  the  township.  Along  the  east  face,  however,  several  small 
streams  have  cut  into  the  cliff,  producing  narrow,  steep-walled 
canyons.  Immediately  south  of  the  buttes  the  surface  is  deeply 
dissected  and  exposures  of  rock  are  numerous,  but  the  bedrock 
structure  is  greatly  obscured  by  landslides.  The  southern  part  of 
the  township  is  gently  undulating  and  is  covered  with  grass,  so  that 
exposures  of  rock  are  scarce.  Numerous  small  farms  have  been 
established  along  the  southern  edge  of  the  area,  but  the  scarcity  of 
water  is  proving  a  great  hindrance  tp  the  raising  of  crops.  Several 
good  springs  along  the  margin  of  the  buttes  have  been  utilized  by 
the  ranchmen,  who  years  ago  located  where  water  was  most 
accessible. 

The  lower  part  of  the  Lance  formation,  which  contains  no  lignite, 
except  near  the  top,  is  exposed  in  the  area  south  of  the  Slim  Buttes, 
where  it  weathers  to  sandy  soil.  The  Ludlow  Ugnitic  member  of 
the  formation  is  represented  by  less  than  50  feet  of  yellow  sandy 
shale  and  sandstone  outcropping  at  the  base  of  the  buttes.  The 
White  River  and  Arikaree  (?)  formations,  which  form  the  Slim 
Buttes,  consist  of  about  200  feet  of  white  clay,  marl,  sandstone, 
and  conglomerate  and  overlie  the  lignite-bearing  rocks  unconform- 
ably.    The  rocks  of  the  Lance  dip  gently  to  the  northeast. 

Several  exposures  of  Ugnite  were  found  near  the  top  of  the  lower 
part  of  the  Lance  formation,  which  are  interpreted  as  belonging  to 
the  same  bed.  At  locations  475,  476,  477,  and  478  the  bed  shows 
a  thickness  of  good  lignite  ranging  from  2  feet  6  inches  (location  478) 
to  5  feet  (location  476).  The  sections  of  the  bed  at  these  places  are 
shown  on  Plate  XI.  No  mining  or  prospecting  has  been  done  in  the 
township. 

T.  17  v.,  R.  t  s. 

The  surface  of  T.  17  N.,  R.  8  E.,  is  varied.  In  the  central  and 
western  parts  the  flat-topped  J-B  Hill  and  the  Slim  Buttes  rise  300 
to  400  feet  above  the  surrounding  area  and  stand  out  in  marked 
contrast  to  the  gently  undulating  grass-covered  plain  which  is  char- 
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acteristic  of  the  Big  Meadow  to  the  east.  The  almost  perpendicular 
diff  along  the  edge  of  the  Slim  Buttes  mesa  is  deeply  incised  by 
numerous  steep-sided  canyons,  so  that  the  eastern  margin  of  the 
mesa  appears  as  a  very  irregular,  almost  impassable  wall.  A  scanty 
growth  of  pme  and  cedar  trees  clothes  the  mesa  and  forms  a  valuable 
asset  of  the  country. 

Numerous  small  springs  of  good  water  issue  from  the  sandstone 
near  the  base  of  the  buttes  and  have  been  utilized  by  the  few  ranchers 
in  the  region.  Very  little  farming  has  been  done  in  this  township, 
probably  because  of  the  roughness  of  the  surface. 

Along  the  margin  of  the  buttes  rock  exposures  are  numerous,  but 
owing  to  the  great  amount  of  slumping  it  is  difficult  to  determine 
whether  or  not  a  bed  is  in  its  original  position.  The  Lance,  White 
River,  and  Arikaree  ( ?)  formations  are  all  exposed  in  this  township. 
The  somber-colored  shale  of  the  lower  part  of  the  Lance  formation 
occupies  a  small  area  along  Antelope  Creek,  in  the  southeast  comer  of 
the  township,  and  contains  at  one  locality  location  479,  sec.  25)  a. 
3-foot  bed  of  poor  lignite.  The  Ludlow  lignitic  member  of  the  Lance 
is  composed  of  yellow  shale,  with  soft  yellow  sandstone,  some  carbo- 
naceous shale,  and  lenticular  beds  of  fair-grade  lignite.  Uncon- 
formably  above  the  Lance  and  forming  the  Slim  Buttes  and  J.  B.  HiU 
is  a  series  of  white,  light-gray,  and  pink  clay,  marl,  and  sandstone, 
which  contains  no  lignite  and  is  in  places  highly  cross-beddod.  The 
lower  part  is  known  to  be  of  White  River  (Ohgocene)  age.  The 
upper  part  is  assigned  to  the  Arikaree  (?)  sandstone  because  of  its 
Uthologic  similarity  to  the  Arikaree  sandstone  of*  southern  South 
Dakota.  The  strata  of  the  Lance  formation  in  this  part  of  the  field 
dip  gently  northeastward. 

The  only  two  valuable  lignite  beds  that  are  known  to  crop  out  in 
the  township  occur  in  the  upper  part  of  the  Lance  formation.  The 
upper  bed  was  measiured  at  locations  494,  494B,  and  495  to  501  and 
attains  its  maximum  thickness  of  6  feet  at  a  small  strip  pit  in  sec.  8 
(sec.  498,  PL  XI).  All  the  sections  obtained  at  the  locations  men- 
tioned are  shown  graphically  on  Plate  XI  except  that  at  location 
501,  which  is  as  follows: 

Section  of  ligniU  bed  at  location  501,  in  the  SW.  \  sec.  5,  T.  17  JV.,  R.  8  E. 

Ft.  In. 

Lignite,  weathered,  full  thickness  not  determined 1  9+ 

Shale,  brown i 1 

Lignite \ 9 

Shale,  brown.  

Total  section 2  7+ 

Total  lignite 2  6+ 

The  lower  bed,  about  30  feet  below  the  one  described  above,  is 
exposed  at  locations  502,  503,  and  504  and  has  been  mined  for  local 
use  at  location  503,  in  sec.  5.     The  sections  measured  at  these  places 


100       THE  LIGNITE  FIELD  OF  KORTHWESTEBX  SOUTH  DAKOTA* 


(represented  graphically  on  PI.  XI)  show  a  variation  in  thickness 
from  2  feet  1 1  inches  to  over  4  feet  8  inches.  At  location  503  another 
bed  1  foot  8  inches  thick  is  exposed  12  feet  below  the  main  bed.  The 
two  strip  mines  Gocations  503  and  498)  have  been  operated  unsys- 
tematically  by  the  ranchers  near  by  to  supply  their  own  needs. 

At  many  places  in  the  township  (see  map,  PI.  I)  the  lignite  beds 
have  burned  along  their  outcrop,  baking  the  overlying  rocks  to  red 
scoria  or  clinker. 

Several  thin  beds  of  lignite  are  exposed  at  various  places  in  the 
township,  but  their  stratigraphic  relations  to  one  another  and  to  the 
thicker  beds  were  not  determined.  The  following  measurements 
show  their  character  and  thickness: 

Section  of  thin  ligniU  beds  in  the  Ludlow  li^itic  member  of  the  Lance  fonmUion  exposed 

in  T.  17  N.,  R.  8  E. 
(Not  gbown  on  PI.  XI.) 


No. 

on 

PI.  I. 


480 


4K1 


482 


483 


484 


485 


486 


487 


Location. 


NE.  i8ec.28.. 


SW.i8«c.21. 


8W.  i8ac.21.. 


BE.  i  sec.  21.. 


NW.i8ec.22. 


SW.  J  sec.  22. 
SW.  i  sec.  22. 
8W.i8ec.22. 


Section. 


Shale,  light  Ixrown,  12  0 

sanay^ 

Shale.  Drown 8 

Lignite } 

Sfaile,  brown..  6 

Limits 1  8 

Shale.  Drown.        

Total  section  14  104 

Total  lignite.    1  8} 

Shale.brown 1  5 

Lknite 1  8 

Shale,  brown.         

*      Total  section   3  1 

Total  lignite.    1  8 

Shale, light  brown.    8  0 

Shale,brown 4 

Llmite 2  3 

Shale,  Drown. 


Total  section  10     7 
ToUllignite.    2     3 


4 

1      5 


Clay,  sandy. 

Shale,  brown. 
Lignite... 

Shale,  Drown. 

Total  section    1     9 
Total  lignite.    1     5 

Soil 8 

Lignite 1     4 

Shale,  light  brown, 

clayey.  

Total  section   2     0 


Total  lignite.    1 


Clay,  sandy. 

Lignite 2     0 

Shale,  Drown. 

Clay,  sandy. 

Lignite 1     2 

Shale,  Drown. 

Clay,  sandy. 

Lisnite 2     0 

Shale,  Drown. 


No. 

on 

PI.  I. 


488 


Location. 


I 


489 


490 


491 


492 


493 


494  A 


SW.  isec.  14.. 


NW.i8ec.i4. 


NW.isec.i4. 


NE.  i  sec.  17. 


BE.}  sec.  10.. 
BE.  i  sec.  10.. 


SW.  isec.  16.. 


Section. 


Ft.  ifu 
Shale,   reddish     i     o 
brown,      sandy; 
some  gravel. 

Licnite 1     8 

Shale,  Drown.         

Total  section     2     8 
Total  lignite.     1     8 

Shale,  light  brown,  4  6 
sands,  and  clay. 

Shale.orown 2  4 

Llmlte 1  2 

Shale,  orown.         

Total  section  8  0 

Total  lignite.  1  2 

Shale,  light,  sandy.  2  6 

Li^te 8 

Interval 7  0 

Lignite 2  0 

Shale,  Drown.         

Total  section  12  2 

Total  lignite.  2  8 


Shale,  brown 

Lisnite 

Shale,  brown. 

Total  section 
Total  lignite. 

Clay,  sandy. 
Lignite. 


4 

1      9 


2 

1 


1 
9 


Shale,  Drown. 

Clay,  sandy. 

Shale.brown 

Limito 

Shale,  Drown. 

Total  section 
Total  lignite. 


1     6 


6 
2     4 


2    10 
2     4 


Clay,  sandy. 

Shale.brown 6 

Lignite 1     6 

Shale,  Drown.         

Total  section  2  0 
Total  lignite.      1     6 


Of  these  sections,  480,  481,  and  482  are  supposed  to  bo  on  one  bed, 
485,  486,  and  487  on  another,  and  489  and  490  on  a  third. 
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T.  II  v..  B.  •  S. 

T.  18  >T.,  R.  8  E.y  lies  at  the  west  margin  of  the  Big  Meadow  and 
mdudes  a  portion  of  the  Slim  Buttes,  which  rise  abruptly  300  feet 
or  more  above  the  surrounding  plain.  Around  these  buttes  the 
surface  is  gently  rolling,  although  close  to  the  cliff  line  streams  have 
dissected  the  area  until  at  places  it  is  almost  ipapassable.  In  the 
eastern  half  of  the  township  the  surface  is  gently  rolling  and  grass 
covered,  and  numerous  small  farms  have  been  established  in  the  last 
few  years.  Large  springs  of  excellent  water  issue  from  rocks  near 
the  base  of  the  buttes  and  have  been  used  by  the  ranchers  of  the 
region  as  watering  places  for  large  herds  of  cattle  and  horses.  Among 
these,  the  spring  at  the  old  L  ranch  in  sec.  28  is  probably  the  best 
known. 

The  lower  portion  of  the  Lance  formation  is  exposed  in  a  small 
area  in  sec.  18,  in  the  valley  of  Sioux  Creek  west  of  the  Slim  Buttes. 
Above  and  almost  inseparable  from  these  beds  is  the  Ludlow  lignitic 
member  of  the  Lance,  which  is  composed  of  yellow  sandy  shale  and 
soft  sandstone,  with  some  carbonaceous  shale  and  lignite.  In  the 
Slim  Buttes  it  is  overlain  unconformably  by  the  White  River  forma- 
tion and  this,  in  turn,  by  the  Arikaree  (?)  sandstone,  neither  of 
which  is  lignite-bearing.  These  formations  include  more  than  300 
feet  of  light-colored  clay,  marl,  sandstone,  and  conglomerate,  and 
the  lower  part  is  in  places  markedly  cross-bedded.  (>oss-bedding  is 
especially  conspicuous  in  Reva  Gap,  in  sec.  17,  and  south  of  the  old  L 
ranch,  in  sec.  32. 

Along  the  east  side  of  the  buttes  rock  slumps  and  landsUdes  have 
rendered  the  interpretation  of  the  structure  and  the  coxTelation  of  the 
lignite  beds  very  difficult.  The  Lance  and  the  underlying  formations, 
however,  appear  to  dip  to  the  northeast  at  angles  ranging  from  about 
15  feet  to  the  mile  in  the  western  part  of  the  township  to  35  feet  to  the 
mile  in  the  eastern  part. 

East  of  the  Slim  Buttes,  in  the  southern  part  of  the  township,  two 
beds  of  Ugnite  reach  a  thickness  of  3  feet  or  more  at  several  places 
along  their  outcrops.  The  upper  bed,  illustrated  by  sections  505  to 
.  510,  Plate  XI,  attains  a  maximum  thickness  of  4  feet  1 1  inches  at 
location  508,  in  sec.  28,  where  near-by  ranchers  have  mined  lignite 
for  their  own  use.  The  same  bed  at  location  511,  only  a  short  dis- 
tance to  the  northeast  of  location  510,  is  less  valuable,  as  shown  by 
the  following  section: 

Section  of  lignUe  bed  at  location  511,  in  the  8W,  {  sec.  tl,  T.  18  N.,  R.  8  E. 

Shale,  drab.                                                                                       Ft.  in. 

Lignite 8 

Shale,  brown 2 

Lignite 1  1 

Shale,  brown.  

Total  section 1  11 

Total  lignite 1  9 
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The  second  bed,  25  feet  lower,  is  represented  by  sections  516  to  519, 
Plate  XI,  and  ranges  in  thickness  from  2  feet  6  inches  at  location  519 
to  6  feet  10  inches  at  location  516.  This  bed  has  not  been  mined. 
Lignite  beds  more  than  2  feet  10  inches  thick  are  exposed  at  locations 
515  and  520,  but  the  extent  of  the  beds  beyond  the  exposures  is  not 
known.  A  hgnite  bed  more  than  2  feetin  thickness  has  been  stripped 
at  location  521,  in  sec.  22,  and  several  wagon  loads  of  fuel  have  been 
removed,  but  probably  there  is  no  great  area  of  lignite  here,  as  the 
rocks  in  this  vicinity  are  much  disturbed  and  the  lignite  bed  is 
probably  included  in  a  landslide. 

In  the  northern  part  of  the  township  three  beds  of  hgnite  attain  a 
thickness  of  more  than  2  feet  10  inches.  The  upper  one,  along  its 
outcrop,  increases  in  thickness  from  2  feet  6  inches  at  location  525, 
in  sec.  16,  to  6  feet  at  location  526,  in  sec.  17,  and  then  diminishes  to 
2  feet  1  inch  at  location  527,  also  in  sec.  17.  About  10  feet  below 
this  bed,  in  sec.  8,  a  second  bed  (represented  by  sections  530  and  531, 
PI.  XI)  has  been  mined  on  a  small  scale  at  location  531,  where  it  is  4 
feet  6  inches  thick.  A  third  bed,  about  40  feet  below  the  second,  is 
exposed  at  locations  528  and  529.  At  location  528,  in  sec.  8,  it  has 
been  mined  on  a  small  scale  and  is  more  than  9  feet  thick.  At 
location  529,  in  sec.  4,  a  bed  supposed  to  be  at  the  same  horizon  has 
a  thickness  of  at  least  5  feet. 

In  addition  to  the  sections  shown  graphically  on  Plate  XI  the 
following  represent  thin,  nonpersistent  hgnite  beds  that  are  exposed 
m  T.  18  N.,  R.  8  E.,  east  of  the  Shm  Buttes. 

Sections  of  thin  lignite  beds  exposed  on  the  east  side  of  Slim  Buttes  in  T,  18  N.^  R.  8  E, 

[Not  shown  on  PI.  XI.] 


No. 

on 

Pl.L 

Location. 

Section 

No. 

on 

PI.  L 

Location. 

Section. 

512 

8W.isec.33.. 

NE.  J  sec.  33.. 
NW.}sec.23.. 

Ft.   in. 
Shale,  brown. 

Lignite 1     6 

Shale,  brown 4 

Lignite 11 

523 

1 

524 

532 

1 

5»3 

SW.isec.  15.. 

SW.  I  sec.  15... 
SE.isec.g.... 

NW.isec.ll.. 

Ft,    in. 

Lignite 1     6 

Shale,  light,  sandy  1     2 
Lignite 2     0 

Total  section..  4     8 
Total  lignite...  3     6 

Shale,  light,  sandy. 

Lignite 1     9 

Shale,  brown. 

513 

Total  section..  2     9 
Total  lignite...  2     5 

Shale,  brown 1     3 

Lignite 2     6 

Total  section. .  3     0 
Total  lignite...  2     6 

Clay,  sandy. 

Lignite 10 

Shale,  brown 1     5 

Lignite 8 

Sandstone, brown...  2     0 

Lignite 2     o 

Shale 

522 

Total  section..  4     0 
Total  lignite...  2     0 

Shale,  brown. 

Limite 2     3 

Shale,  orown. 

Total  section. .  2    11 
Total  Ugnite...  1     6 

On  the  west  side  of  the  Slim  Buttes  lignite  beds  ranging  in  thickness 
from  4  feet  at  location  537  to  2  feet  6  inches  at  location  538  are 
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expoBed  at  a  number  of  places.  Sections  534  to  541,  543,  shown  on 
Plate  Xly  give  an  idea  of  their  thickness  and  character.  At  loca^ 
tion  542  the  following  section  is  exposed : 

Section  o/UgniU  bedat  loeaHan  54i,  mc.  28,  T,  18  N.,  R,  8  E. 

Shale.                                                                                                    Ft.  in. 

Lignite 4 

Shale 1  9 

Lignite 5 

Shale 10 

Lignite 1  3 

Shale.  

Totalsection 4  7 

Total  lignile 2  0 

One  small  mine  has  been  opened  at  location  535,  in  sec.  20,  but  only 
a  lew  loads  of  lignite  have  been  removed. 

T.  If  v..  B.  •  s. 

The  surface  of  T.  19  N.,  R.  8  E.,  is  exceedingly  rough  and  shows  a 
maximum  difference  in  altitude  of  700  feet.  The  flat-topped  mesa 
of  the  Slim  Buttes,  which  occupies  the  southwest  comer  of  the  town- 
ship, terminates  in  a  steep,  almost  impassable  cliff  more  than  200  feet 
high.  Between  this  cUff  and  the  open  valley  of  the  South  Fork  of 
Grand  River,  at  the  northern  boundary  of  the  township,  the  surface 
is  deeply  dissected  into  numerous  narrow,  rugged  coulees.  Dark- 
red  scoria  resulting  from  the  burning  of  lignite  appears  in  marked 
contrast  to  the  nearly  pure  white  clay  and  sandstone  of  the  White 
River  and  Arikaree  ( ?)  formations,  and  where  slumping  has  brought 
the  two  into  contact  the  contrast  is  especially  striking.  With  the 
exception  of  a  small  area  in  sees.  35  and  36,  this  township  is  too  rough 
to  be  used  for  farming. 

The  somber-colored  shale  of  the  lower  part  of  the  Lance  formation 
crops  out  in  the  small  valleys  in  the  northern  part  of  the  township. 
It  is  overlain  by  the  Ludlow  lignitic  member  of  the  Lance,  which  is 
composed  of  about  165  feet  of  yellow  sandstone,  yeUow  shale,  carbo- 
naceous shale,  and  lignite.  The  White  River  and  Arikaree  ( ?)  forma- 
tions constitute  the  Slim  Buttes  and  rest  unconformably  on  the  Ludlow 
member.  The  White  River,  about  60  feet  thick,  is  composed  of  white 
and  light-colored  day  and  thin  beds  of  sandstone,  and  the  Arikaree  ( ?), 
about  180  feet  thick,  is  composed  of  soft  white  tuffaceous  sandstone 
with  some  conglomerate. 

Rock  exposures  are  numerous  in  the  area  north  of  the  SUm  Buttes, 
but  landslides  have  so  greatly  disturbed  the  surface  rock  that  it  is 
almost  impossible  to  correlate  lignite  beds  or  correctly  interpret  geo- 
logic structure.  One  of  the  most  noticeable  landslides  in  the  field  is 
in  sec.  20,  where  a  block  of  White  River  beds  half  a  mile  long,  500 
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feet  wide,  and  about  125  feet  thick,  has  moved  down  laterally  until 
now  it  occupies  the  bottom  of  a  valley  where  it  is  surrounded  by 
rocks  of  the  Lance  formation.  (See  PI.  Ill,  J?,  p.  10.)  Many  less 
extensive  landslides,  affecting  not  only  the  White  River  but  also  the 
lignite-bearing  formation  of  the  field,  have  occurred  in  the  township. 
The  lower  rocks  dip  eastward  about  70  feet  to  the  mile  in  the  western 
part  of  the  township,  but  the  dip  decreases  to  about  10  feet  to  the  mile 
in  the  eastern  part. 

Only  a  few  settlers  live  in  the  vicinity,  and  therefore  the  demand 
for  ligaite  is  small.  The  Bar  H  mine,  which  is  the  only  one  that  has 
been  opened  in  the  township,  is  in  sec.  27  (location  544).  A  wagon 
road  has  been  constructed  to  this  mine,  and  conside^'able  fuel  has  been 
removed  by  stripping. 

The  most  valuable  lignite  bed  and  the  only  one  whose  outcrop  can 
be  followed  with  a  fair  degree  of  certainty  is  exposed  at  the  base  of 
the  Slim  Buttes,  only  a  few  feet  beneath  the  White  River  formation, 
and  may  have  been  destroyed  locally  by  erosion  before  the  deposition 
of  the  younger  formation.  The  thickness  at  locations  544,  545,  and 
547  to  550  along  its  outcrop  varies  from  3  feet  5  inches  at  location  550, 
in  sec.  19  (see  PL  XI),  to  13  feet  8  inches  at  location  544,  in  sec.  27. 

Thick  beds  of  lignite  are  exposed  at  a  number  of  places  in  the  town- 
ship, measurements  of  which  are  shown  graphically  on  Plate  XI. 
Sections  563  to  570  were  measured  along  the  outcrop  of  a  bed  near 
the  base  of  the  Slim  Buttes  that  ranges  i!n  thickness  from  2  feet  2  inches 
at  location  563  to  6  feet  1^  inches  at  location  564.  The  bed  at  the 
base  of  the  Ludlow  lignitic  member  of  the  Lance  locations  572  to  575) 
b  of  little  value  in  this  township.  Even  though  it  reaches  a  maxi- 
mum thickness  of  3  feet  2  inches  at  location  574  (PI.  XI),  it  is  so  thin 
at  every  other  place  where  it  was  seen  that  it  can  not  be  considered 
of  commercial  importance.  The  exact  correlation  of  lignite  beds  in 
most  other  parts  of  the  township  is  impossible.  Sections  557  and  558 
are  supposed  to  belong  to  one  bed,  sections  559  and  560  to  another, 
576  and  577  to  another,  and  578  and  579  to  stiU  another.  Sections 
546,  551  to  555,  561  and  562  (PI.  XI)  represent  lignite  beds  having 
a  thickness  of  more  than  2  feet  10  inches,  but  on  account  of  poor  ex- 
posures the  outcrops  could  not  be  connected  or  the  beds  correlated. 
The  following  sections  of  thin  beds  were  made  at  places  indicated  on 
the  map  (PI.  I) : 
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Seetumt  of  thin  ligniU  beds  in  T.  19  K,  R.  8  E. 

[Not  shown  on  PL  XL] 

No. 
on 

n.1. 

Location. 

• 

Section. 

No. 

on 

P1.1. 

Location. 

Section. 

556 
571 

NE.  isec.  22.. 
SW.  isec.  18.. 

NW.isec.7... 

Ft.in. 
Shale,  brown. 

Llenite 1     7 

Shale,brown. 

Shale,  brown. 

Lisnite,  dirty....        8 

Shale.brown 3     2 

Lignite 6 

Lisnite,  dirty....  1     0. 

578 
579 

NE.  isec.  10.. 
NW.isec.l5.. 

Ft.  in. 
Shale,  brown. 

Lknite 2     5 

Shale,brown. 

Shale,  brown. 

iJgnite 7 

Shale,  brown 3 

Lignite 2     3 

Totalsection..  3     1 
Total  lignite...  2   10 

572 

oiiiue,  urowu. 

Total  section..  6     1 
Total  lignite...  2    U 

Shale,  brown. 

Shale,  carbonaoeoDs.        4 

Shale 3 

Lignite 4 

Shale,  brown 4 

Limite 2     8 

Totalsection...  3    11 
Total  lignite...  3     0 

T.  20  v.,  B.  8  S. 

T.  20  N.,  R.  8  E.,  drains  into  the  South  Fork  of  Grand  River,  which 
meanders  through  the  southern  part  of  the  township  in  an  open  valley. 
After  heavy  showers  and  during  the  spring  thaws  the  river  becomes 
a  torrential  stream,  owing  to  the  very  rapid  nm-oflF  of  the  water. 
Skull  Creek  drains  the  northwest  comer  of  the  township,  Brushy  Creek 
the  middle,  and  Horse  Creek  the  western  part.  These  three  inter- 
mittent streams  flow  in  a  general  southeasterly  direction,  which  is 
roughly  parallel  to  the  strike  of  the  rocks.  The  maximum  difference 
in  altitude  in  this  area  is  about  600  feet,  the  highest  points,  almost 
3,200  feet  above  sea  level,  being  near  the  northwest  comer,  in  sees. 
4  and  5.  The  surface  of  the  township  is  very  rough  and  is  not  suitable 
for  cultivation.  Narrow,  high  rocky  divides  separate  the  small 
streams  that  cross  the  township  and  almost  prevent  travel  from  one 
valley  to  the  adjoining  one.  Although  a  number  of  homesteaders 
have  recently  taken  up  claims  in  different  parts  of  the  area,  little 
successful  farming  is  to  be  expected,  even  with  dry-farming  methods, 
except  in  a  few  small  areas  along  the  larger  streams.  Most  of  the 
land  along  the  South  Fork  of  Grand  River  is  too  sandy  to  make  good 
farm  land,  and  although  the  river  is  a  perennial  stream,  only  a  very 
small  amount  of  water  is  available  for  irrigation,  especially  during  the 
season  when  it  is  most  needed. 

A  few  old  ranches  are  situated  in  the  more  favorable  locaUties,  and 
the  area  will  probably  continue  to  be  used  as  grazing  land  for  cattle 
and  horses.    Bratsburg  post  office  is  in  sec.  8. 

About  600  feet  of  strata  are  exposed  in  this  township.  They  belong 
almost  entirely  to  the  Lance  formation,  although  there  may  be  a  small 
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thickness  of  Fort  Union  rocks  on  the  highest  points  in  the  northw6f 
comer.    The  lithologic  difference  between  the  two  formations  is 
slight  that  in  a  grass-covered  area  it  is  impossible  to  separate  thei 
The  lower  part  of  the  Lance  formation  is  present  in  the  valley  of 
South  Fork  of  Grand  River,  but  alluvium  and  sand  obscure  the  reel 
so  that  a  study  of  their  character  is  difficult.    Immediately^  belt 
the  lowest  lignite  bed,  which  is  assumed  to  be  the  base  of  the  Ludlo*  ■•^  ^ 
lignitic  member,  the  formation  is  composed  of  dark-colored  clay  shi 
with  a  few  lenses  of  sandstone  and  beds  of  carbonaceous  shale.     Th< 
are  in  places  much  cross-bedded.     Above  this  lignite  bed  the  roc] 
are  more  sandy  and  light  colored  and  contain  numerous  lignite  bei 
one  of  which  outcrops  along  the  ridges  in  this  and  adjacent  townshij 
and  has  been  mined  at  a  number  of  localities.    The  dip  is  northeasi 
probably  not  more  than  20  feet  to  the  mile,  as  determined  by  altitudei^ 
on  the  main  lignite  bed.  :  ^^^ 

There  are  at  least  four  lignite  beds  worthy  of  note  in  this  township;'" 
two  of  them  are  of  good  thickness  and  quality,  but  the  other  two  are 
of  questionable  commercial  value.  The  lowest  bed  outcrops  along 
the  north  side  of  the  South  Fork  of  Grand  River  at  locations  580,  681, 
583  to  588,  590,  and  591  (see  PI.  VIII)  and  is  of  little  worth;  in  fact, 
at  locations  581, .583,  586,  and  588  it  is  not  much  more  than  carbona- 
ceous shale. 

Along  the  stream  bank  at  locations  585  and  587,  in  sec.  27,  the  bed ' 
is  more  than  3  feet  thick,  and  at  location  580,  in  sec.  29,  it  is  4  feet  6 
inches  thick.    A  local  lens  of  lignite  above  the  lowest  bed  has  a  thick- 
ness of  2  feet  10  inches  at  location  582,  in  sec.  21,  but  is  not  exposed 
elsewhere. 

Along  Skull  Creek  near  the  Henry  ranch,  in  sec.  11,  is  the  outcrop 
of  a  lignite  bed  nearly  200  feet  above  the  one  just  mentioned,  which 
ranges  in  thickness  from  2  feet  at  location  623,  in  sec.  24,  to  3  feet  i 
at  location  620,  in  sec.  11.  (See  sections  620,  620A,  623,  624,  and 
625,  PI.  VIII.)  Beds  exposed  at  locations  589,  606,  607,  and  614 
are  supposed  to  represent  the  same  bed.  Of  these  the  bed  exposed  ' 
at  location  606  is  the  thickest,  measuring  4  feet  6  inches.  The  bed 
has  been  worked  locally  at  a  small  opening  (location  620)  about  hulf 
a  mile  above  the  Henry  ranch. 

Nearly  100  feet  above  the  second  bed  is  another,  represented  by 
sections  592  to  605,  608  to  613,  615  to  619,  and  621  to  622B,  Plate 
VIII,  which  is  supposed  to  be  the  same  as  the  Widow  Clark  lignite  of 
T.  21  N.,  R.  7  E.  Its  thickness  ranges  from  about  2  feet  at  location 
622B,  in  sec.  12,  to  9  feet  at  location  608,  in  sec.  23.  At  most  places 
along  the  outcrop  the  bed  contains  more  than  4  feet  of  good  lignite. 
Three  small  strip  pits  have  been  opened  on  it — one  at  location  622,  in 
sec.  1;  another  at  location  612,  in  sec.  9;  and  a  third  at  location  604, 
in  sec.  22.     The  lignite  is  of  about  the  same  quality  as  the  sample 
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taken  from  this  bed  at  the  Newcomb  mine,  in  T.  20  N.;  R.  9  E.,  which 
shows  about  12  per  cent  of  ash  and  a  heating  value  of  8^520  British 
thermal  units  in  an  air-dried  sample.  About  100  feet  above  the 
Widow  Clark  lignite  bed  is  the  one  locally  called  the  Giannonatti  bed, 
which  is  well  exposed  in  T.  21  N.,  R.  7  E.  This  bed  at  the  east  side 
wf  sec.  9  of  this  township  (location  612A)  contains  8  feet  of  good  Ug- 
nite.  The  bed  has  been  burned  at  several  places,  giving  rise  to  large 
masses  of  red  fused  rock,  particularly  in  sees.  1,  4,  9,  16,  and  22.  In 
sees.  22  and  16  large  masses  of  baked  rock  cap  the  divide  and  may  be 
seen  for  several  miles,  standing  out  like  high  red  signals.  The  bed 
underlies  small  areas  in  sees.  1,  4,  5,  8,  and  9,  but  in  adjacent  areas  in 
both  North  and  South  Dakota,  the  bed  averages  about  5  feet  in  thick- 
ness and  underlies  large  areas. 

T.  ti  v.,  &.  I  s. 

T.  21  N.,  R.  8  E.y  for  the  most  part  drains  almost  directly  into 
Big  Nasty  Creek,  which  flows  southeastward  across  the  township 
from  the  northwest  comer  in  a  broad,  open  valley.  The  southern 
part  of  the  township  drains  into  SkuU  Creek.  Through  the  southern 
part  extends  a  high  dissected  ridge,  locally  known  as  the  Circle 
Hills,  with  altitudes  ranging  from  3,000  to  3,200  feet  above  sea  level. 
The  surface  of  the  rest  of  the  township  is  uneven  but  grass-covered, 
so  that  rock  exposures  are  scarce. 

Although  the  surface  of  the  township  is  very  rough,  it  is  fairly 
well  settled.  At  Ralph,  a  small  settlement  at  the  old  Howard  ranch, 
in  sec.  24,  there  is  a  combination  store  and  post  office.  As  a  whole 
the  township  seems  better  adapted  to  grazing  than  to  dry  farming, 
because  most  of  it  is  too  hilly  to  be  conveniently  cultivated.  The 
narrow  strip  of  bottom  land  along  Big  Nasty  Creek  may  possibly  be 
farmed  by  irrigation,  but  the  supply  of  water  is  meager,  for  in  drf 
times  the  creek  does  not  contain  running  water.  Farmers  depend 
largely  on  wells  for  water,  and  what  they  get  is  mostly  alkaline. 

Of  the  500  feet  of  rocks  exposed  in  tiiis  township  the  lower  300 
feet  belong  to  the  Ludlow  lignitic  member  of  the  Lance  formation, 
and  the  upper  200  feet  is  assigned  to  the  Fort  Union  formation.  The 
Lance  in  this  township  is  composed  of  dark-colored,  sandy  and 
carbonaceous  shale,  coarse-grained,  brownish  to  gray  sandstone,  and 
lignite.  South  of  Big  Nasty  Creek,  near  the  center  of  the  township, 
one  of  the  indurated  sandstones  forms  the  top  of  a  prominent  ridge. 
The  sandstone  has  been  used  for  buildings. 

The  Fort  Union  formation,  which  is  present  on  the  upland  in  the 
northeast  comer  of  the  township  and  in  a  high  hiU  in  sec.  31,  is 
composed  of  light-colored  sandstone  with  a  few  thin  beds  of  shale. 
No  lignite  is  known  in  the  formation  in  this  part  of  the  field,  but 
to  the  north  and  east  the  Fort  Union  contains  some  of  the  best 
lignites  of  the  Dakotas. 
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Along  the  valley  of  Big  Nasty  Creek  there  is  considerable  alluvium 
derived  from  the  rocks  of  the  siurounding  country. 

The  rock  strata  in  this  township  are  very  nearly  horizontal,  but 
the  altitudes  determined  on  the  Widow  Clark  lignite  in  the  valley  of 
Big  Nasty  Creek  indicate  a  slight  but  regular  dip  to  the  northeast. 

Several  beds  of  lignite  are  exposed  in  the  township.  The  lowest 
one  mapped  is  the  Widow  Clark  lignite,  which  is  exposed  at  a  number 
of  places  and  has  been  worked  at  three  small  strip  mines.  Although 
the  mantle  of  grass  and  soil  obscures  the  outcrop  of  lignite  beds  and 
makes  the  correlation  of  exposures  very  difficult,  the  beds  at  locations 
631  to  633,  647,  650  to  653,  655  to  657B,  and  661  to  674  are  supposed 
to  represent  the  Widow  Clark  lignite  in  this  township.  The  bed 
varies  greatly  in  thickness  from  place  to  place,  as  will  be  seen  by 
reference  to  the  graphic  sections  on  Plate  IX.  The  maximum 
thickness  measured  is  at  location  667,  in  sec.  6,  wliere  the  bed  is  8  feet 
thick  and  the  upper  part  is  poor  lignite.  Several  wagon  loads  of  fuel 
have  been  mined  by  stripping  from  each  of  the  small  mines  at  locations 
632,  653,  and  667. 

About  20  feet  above  the  Widow  Clark  is  the  Bell  bed.  Measure- 
ments at  locations  644,  645,  646,  648,  649,  654,  658,  and  659,  shown 
graphically  in  Plate  IX,  are  probably  on  this  lignite  bed,  although 
absolute  correlation  is  impossible.  The  bed  ranges  in  thickness  from 
10  inches  at  location  646,  in  the  center  of  sec.  26,  to  5  feet  at  the  Bell 
mine  at  location  648,  in  the  NE.  {  sec.  27.  At  location  645,  in  the 
SW.  {  sec.  25,  there  is  a  second  prospect.  The  quality  of  the  lignite 
in  this  bed  is  fair. 

About  22  feet  above  the  Bell  bed  occurs  a  third,  along  the  outcrop 
of  which  sections  634,  635,  636,  638,  and  639  were  measured.  Its 
thickness  ranges  from  1  foot  6  inches  at  location  634  to  more  than  4 
feet  at  location  639.  West  of  location  634  the  bed  is  of  little  value 
and  was  not  mapped. 

About  70  feet  above  the  Bell  bed  is  the  Giannonatti  bed,  which  is 
exposed  at  locations  630,  637,  629A,  629B,  628,  627,  and  641.  At 
location  637  the  bed  is  only  2  feet  4  inches  thick,  but  elsewhere  it  is 
much  thicker,  as  is  shown  graphically  by  the  sections  on  Plate  IX, 
and  is  thickest  at  the  Shirley  mine  (location  629B),  in  sec.  35,  where 
the  following  section  is  exposed : 

Section  ofligniU  bed  at  Shirley  mine,  sec.  35,  T.  21  N.,  R,  8  E. 

Shale.                                                                                                 Ft.  In. 

Lignite 7  10 

Shale 10 

Lignite 5  9 

Sandstone.  

Total  section 14  5 

Total  lignite 13  7 
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Considerable  lignite  has  been  taken  from  this  mine  for  local  use. 
The  lignite  encotmtered  at  a  condiderable  depth  in  a  well  located  in 
sec.  1  and  reported  to  be  about  6  feet  thick  may  be  this  bed  or  possi- 
bly the  Widow  Clark  bed. 

The  most  marked  surface  features  of  T.  22  N.,  R.  8  E.,  are  the 
Lodgepole  Buttes,  in  the  extreme  eastern  part.  These  buttes  form 
the  culmination  of  the  divide  that  stretches  westward  and  separates 
the  drainage,  part  of  which  flows  southward  by  small  tributaries  into 
Big  Nasty  Creek  and  the  remainder  by  small  tributaries  into  the 
North  Fork  of  Grand  River.  The  divide  is  a  part  of  the  more  or  less 
extensive  table-land  that  surroimds  the  Lodgepole  Buttes.  The  alti- 
tude of  the  highest  butte  is  3,222  feet  above  the  sea  level,  or  about 
200  feet  above  the  general  level  of  the  surrounding  country.  The 
surface  of  the  township  is  for  the  most  part  broken  and  grass-covered, 
but  here  and  there,  as  along  the  south  and  north  sides,  deep  valleys 
are  encroaching  on  the  upland  area.  Nearly  all  the  land  has  been 
taken  up  in  homesteads,  but  oaly  ordiaary  crops  of  grain  have  been 
raised.  The  land  produces  an  abundance  of  natural  grass  that  fur- 
nishes excellent  grazing,  and  stock  raising  so  far  is  the  most  profita- 
ble industry. 

The  Lance  formation,  consisting  of  interbedded  shale,  sandstone, 
and  lignite,  is  exposed  in  the  Cadyville  Valley,  in  the  northern  part  of 
the  township,  and  south  of  the  divide  in  the  southwest  corner.  In 
the  Cadyville  Valley  and  in  sec.  2  part  of  the  strata  are  assigned  to 
the  Cannonball  marine  member  of  the  Lance;  the  remaining  portion 
of  the  Lance  Ls  referred  to  the  Ludlow  lignitic  member  because  it 
contains  lignite  beds.  The  upper  300  feet  of  beds  exposed,  consist- 
ing of  shale,  sandstone,  and  limestone,  somewhat  lighter  colored  than 
those  of  the  Lance,  belong  to  the  Fort  Union  formation.  The  upper 
part  of  the  Fort  Union  is  a  brown  massive,  somewhat  coarse-grained 
sandstone.  This  phase  of  the  Fort  Union  is  well  developed  in  the 
cap  of  the  Lodgepole  Buttes.  Here  and  there  along  the  west  slope 
of  the  buttes  are  quartzite  bowlders  that  have  been  derived  from  the 
quartzitic  stratum  in  the  Fort  Union. 

Two  lignite  beds  were  mapped  in  this  township.  The  lower  and 
thinner  one  outcrops  in  sees.  33,  34,  and  35,  and  the  only  data  regard- 
ing its  thickness  were  obtained  from  the  wells  at  locations  676  and 
677,  where  it  is  reported  as  2  feet  9  inches  and  2  feet  4  inches  thick, 
respectively.  It  is  also  reported  as  4  feet  thick  in  a  well  at  location 
675,  in  the  NW.  J  sec.  3  of  the  township  immediately  to  the  south. 
The  sections  of  this  bed  are  shown  graphically  on  Plate  IX.  A  thick 
bed  of  fair  quality,  supposed  to  be  the  same  as  the  Giannonatti  bed 
in  T.  21  N.,  R.  7  E.,  is  separated  from  the  thin  bed  by  about  30  feet 
of  shale  /ind  sandstone.     The  bed  has  an  average  thickness  of  about 
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6  feet|  ranging  from  3  feet  8  inches  at  location  680,  in  sec.  29,  to  12 
feet  (well  record)  at  location  678,  in  the  SW.  \  sec.  27.  It  is  mined 
on  a  small  scale  at  location  684,  near  the  center  of  sec.  9.  The  sec- 
tions of  the  lignite  bed  at  locations  678,  678A,  680,  681, 683,  684,  685, 
and  686  are  shown  graphically  on  Plate  IX.  There  is  some  doubt 
whether  the  bed  at  an  average  altitude  of  2,850  feet  at  locations  683, 
684, 685,  and  686,  in  the  northwest  comer  of  the  township,  is  the  same 
as  the  one  on  the  south  side  of  the  divide,  which  occurs  at  an  altitude 
of  2,840  to  2,865  feet,  but  if  it  is,  the  formations  and  lignite  beds  in 
this  township  lie  nearly  flat.  The  3  feet  of  lignite  reported  to  have 
been  struck  at  a  ddpth  of  40  feet  in  a  well  at  location  679,  in  the 
southwest  comer  of  sec.  28,  may  possibly  be  on  this  bed,  as  is  the  6 
feet  of  lignite  reported  in  the  well  40  feet  deep  at  location  681,  in  the 
NW.  i  sec.  32.  A  third  bed  of  lignite  may  underlie  the  Lodgepole 
Buttes,  for  in  the  township  to  the  east  such  a  bed  has  been  prospected 
at  two  localities  and  is  4  feet  thick. 

T. »  v.,  &.  •  s. 

The  surface  of  T.  23  N.,  R.  8  E.,  as  a  whole,  is  gently  rolling,  but 
exhibits  a  few  rather  steep  slopes,  which  are  due  to  resistant  beds  of 
sandstone  and  limestone.  It  may  be  described  as  a  region  in  physio- 
graphic maturity,  the  uplands  being  completely  dissected  and  well 
drained  and  the  larger  streams  meandering  on  their  flood  plains. 
The  drainage  goes  entirely  into  the  North  Fork  of  Grand  River. 
The  total  relief  is  about  200  feet.  About  nine-tenths  of  the  township 
may  be  classed  as  upland,  and  the  rest  as  bottom  land.  The  land 
seems  to  be  pretty  well  suited  to  dry  farming,  and  fair  crops  of  flax 
and  wheat  are  grown.  There  are  many  tracts  of  grassy  land,  and 
only  one-quarter  to  one-half  of  the  arable  land  has  been  broken.  The 
small  village  of  Cadyville  is  situated  in  the  SE.  i  sec.  32. 

The  oldest  rocks  exposed  in  this  township  are  classified  as  the 
Ludlow  lignitic  member  of  the  Lance  formation.  They  are  composed 
chiefly  of  dark,  sandy  shale  and  sandstone  interbedded  and  contain 
one  fairly  good  bed  of  lignite  at  the  top.  The  total  exposed  thick- 
ness of  this  member  is  about  50  to  75  feet.  The  strata  outcrop  along 
the  sides  of  the  Cadyville  Valley  and  along  the  valley  in  which  the 
stage  line  runs  from  Haley,  N.  Dak.,  to  Ralph,  S.  Dak.,  and  occupy 
the  greater  part  of  the  lowlands. 

Between  the  Ludlow  lignitic  member  of  the  Lance  and  the  Fort 
Union  formation,  along  the  North  Fork  of  Grand  River  and  its  tribu- 
taries, there  is  a  series  of  rocks  containing  marine  fossils,  which  is 
assigned  to  the  Cannonball  marine  member  of  the  Lance.  No  fossils 
were  found  in  the  member  in  this  township,  but  near  Bloom,  in  the 
township  to  the  east  and  across  the  State  line  in  North  Dakota, 
marine  fossils  were  found  above  the  lignite  bed.    The  rocks  of  the 
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Ludlow  ligoitic  member  and  those  of  the  Caimonball  marine  mem- 
ber are  very  similar  lithologically,  but  the  former  contain  lignite  and 
other  evidences  of  fresh-water  deposition,  whereas  the  latter  contain 
marine  fossils. 

The  Fort  Union  formation,  which  consists  of  sandstone  and  shale, 
covers  a  large  portion  of  the  township,  including  all  the  upland. 
Some  of  the  sandstone  beds  are  more  resistant  than  others  and  cause 
the  more  or  less  abrupt  breaks  at  the  edge  of  the  uplands.  About 
100  feet  of  the  formation  is  present. 

A  deposit  of  aUuvium  about  half  a  mile  wide  and  3  miles  long 
occiu*8  along  the  large  creek  leading  from  Cady^^e  to  Haley. 

For  economic  and  stratigraphic  purposes  the  strata  of  this  town- 
ship may  be  considered  horizontal,  but  they  have  a  very  sUght 
northeasterly  dip,  as  determined  by  altitudes  on  the  lignite  bed 
traced  from  T.  22  N.,  R.  8  E.,  through  T.  23  N.,  R.  8  E.,  to  the 
State  line,  the  dip  of  the  bed  apparently  being  just  about  the  same 
as  the  gradient  of  the  larger  stream. 

One  bed  of  lignite  is  exposed  at  two  or  three  places  in  this  area; 
elsewhere  its  outcrop  is  concealed  by  soil  and  grass.  At  location  682 
(see  PI.  IX)  in  the  SW.  {  SE.  \  sec.  21,  the  foUowing  section  was 
measured: 

Section  o/ligniU  bed  at  location  682,  in  the  8W,  \  SE.  \  wc,  tl,  T.  2S  N.,  R.  8  E, 

Shale.                                                                                               Ft.  in. 

Lignite,  dirty 4 

Lignite 1  8 

Shale 8 

Lignite 1  8 

Totalsection 4      4 

Total  lignite 3      8 

Across  the  creek,  at  location  687,  in  sec.  28,  there  is  a  lignite  bed 
exposed  at  about  the  same  altitude,  which  has  the  following  section: 

Section  of  lignite  bed  at  UxxUion  687,  in  8ec.  28,  T,  23  N,,  R.  8.  E. 

Shale.                                                                                               Ft.  in. 

Lignite 1  0 

Shale i 

Lignite 11 

Shale : 3  0 

Lignite 10 

Total  section 5      9) 

Total  Ughite 2      9 

In  the  township  to  the  south  the  bed  ranges  from  2  feet  6  inches 
to  about  7  feet  in  thickness.  It  is  reported  that  a  well  in  the  NW.  J 
N£.  i  sec.  26  struck  at  least  4  feet  of  good  hard  Ugnite,  which  may 
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represent  the  same  bed.  Although  correlation  of  this  bed  with  those 
exposed  in  neighboring  townships  is  impossible,  it  is  thought  to  be 
the  same  as  the  Giannonatti  bed. 

T.  u  v..  R.  f  B. 

T.  15  N.y  R.  9  E.,  is  south  of  the  east  end  of  the  Slim  Buttes  and 
includes  Sheep  Mountain,  a  high  isolated  butte  which  rises  to  an 
altitude  of  about  3,400  feet  above  sea  level.  The  surface  is  very 
rough,  and  is  fit  only  for  grazing,,  having  a  reUef  of  about  500  feet 
between  the  valley  of  Sheep  Creek  and  the  top  of  Sheep  Mountain. 

The  lower  part  of  the  Lance  formaticm  constitutes  the  surface 
rocks  of  the  township,  except  in  a  small  area  on  the  top  of  Sheep 
Mountain.  The  soft  somber-colored  shale  of  this  formation  has  been 
eroded  into  intricate  badlands.  The  Ludlow  lignitic  member  of 
the  Lance  is  represented  beneath  the  White  River  formation  in 
Sheep  Mountain  by  about  35  feet  of  yellow  sandy  shale  and  soft 
sandstone,  with  a  thick  bed  of  Ugnite  at  the  base.  The  White 
River  formation,  about  100  feet  thick,  occupies  the  small  area  at 
the  top  of  Sheep  Mountain  and  consists  of  soft  white  marl  and  thin 
beds  of  sandstone. 

The  only  bed  of  lignite  exposed  in  the  township  occurs  at  the 
base  of  the  Ludlow  lignitic  member  of  the  Lance;  At  location  688, 
in  sec.  8,  it  is  1  foot  6  inches  thick,  but  the  area  underlain  by  it  is 
very  small  and  almost  inaccessible. 

T.  16  v.,  R.  t  B. 

The  surface  of  T.  16  N.,  R.  9  E.,  is  gently  roUing  and  grass-covered, 
except  in  the  western  part,  where  the  southeast  end  of  the  Slim 
Buttes  rises  in  an  almost  impassable  cliff  400  to  500  feet  above  the 
plain.  The  nearly  flat  top  of  the  mesa  is  covered  by  a  dense  growth 
of  grass,  together  with  a  few  pine  and  cedar  trees,  but  the  plains 
east  and  north  of  the  buttes  are  almost  treeless.  The  land  in  the 
latter  area  has  been  settled  by  farmers  who  can,  by  the  use  of  proper 
dry-farming  methods,  raise  crops  of  wheat,  oats,  flax,  etc.  The 
JX  ranch,  in  the  valley  of  Antelope  Creek,  is  one  of  the  oldest  stock 
ranches  of  the  region. 

The  soft  shale  of  the  lower  part  of  the  Lance  formation  forms  the 
surface  rock  in  the  largest  part  of  the  township.  The  Ludlow 
Ugnitic  member  of  the  Lance,  represented  by  about  75  feet  of  yellow 
sandy  shale  and  soft  sandstone,  is  exposed  around  the  edge  of  the 
Slim  Buttes  mesa  and  on  the  divide  north  of  the  JX  ranch.  Above 
this,  in  the  Slim  Buttes,  is  a  mass  of  white  clay,  marl,  sandstone,  and 
conglomerate  about  200  feet  thick,  which  is  assigned  to  the  White 
River  and  Arikaree  (?)  formations.  The  rocks  in  the  vicinity  of 
the  Slim  Buttes,  especially  along  their  southern  face,  are  much 
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disturbed,  and  the  true  structure  is  obscured  by  landslides.  In 
the  valley  and  plains  part  of  the  area  the  rock  structure  is  obscured 
by  a  heavy  mantle  of  soil. 

Several  isolated  exposures  of  lignite  were  found  near  the  base  of 
the  Ludlow  lignite  member  of  the  Lance  formation,  but  owing  to 
the  slumping  it  was  impossible  to  make  exact  correlations,  hence 
the  exposures  are  shown  on  the  map  as  unconnected  outcrops.  At 
a  single  place  (location  692;  see  PI.  XI)  the  lignite  has  a  thickness 
of  3  feet.  No  prospecting  or  minii^g  has  been  done  in  this  town- 
ship. The  foUowing  sections  of  thinner  beds  were  measured,  but  are 
not  shown  on  Plate  XI: 

Sections  o/ligniU  bed»  in  T.  16  N.,  R.  9  E. 


No. 
PLI- 

liocation. 

Section. 

No. 
on 

ri.L 

Location. 

Section. 

6W 
090 

NB.i8ec30.. 
NW.i8ee.29.. 

lignite. 
do. . 

Ft.  in, 
2     0 

1    11 

1     9 

eo3 

094 

8W.i8ea22.. 
SW.  J  sec.  16.. 

Lignite 

Interval 

Lignite 

Total  section. 
Total  liffiiite.. 

Lignite 

Ft.  in. 

1  0 
10     0 

2  0 

SB.  iBeo.29... 

do.. 

QBl 

,  13     0 

.    3      0 
1      4 

T.  17  H. 

,  R.  9  1 

E. 

The  gently  undulating  prairie  which  is  characteristic  of  this  part 
of  the  field  is  surmounted  in  the  southwest  comer  of  T.  17  N.,  R.  9 
E.,  by  Flat  Top  Butte,  a  small  mesa  which  stands  nearly  200  feot 
above  the  surrounding  country.  The  soil  in  most  of  the  township 
is  a  rich  sandy  loaip,  and  crops  of  small  grains  have  been  raised  on  a 
number  of  small  farms  recently  established  in  the  township.  An 
excellent  spring  in  sec.  32  issues  from  rocks  near  the  base  of  the 
White  River  formation. 

The  lower  part  of  the  Lance  formation  occupies  a  large  area  in  the 
valleys  of  Rabbit  Creek  and  its  tributaries  and  along  the  south  edge 
of  the  township.  The  Ludlow  lignite  member  of  the  Lance  is  repre- 
sented by  a  small  thickness  of  sandy  shale  and  thin-bedded  sandstone, 
occupying  the  higher  portions  of  the  township,  except  in  Flat  Top 
Butte,  where  about  100  feet  of  the  White  River  and  Arikaree  (?) 
formations  is  exposed.  At  the  northwest  angle  of  the  butte  the  clay 
and  sandstone  of  the  White  River  formation  show  very  marked  cross- 
bedding,  with  angles  of  20®  to  the  horizontal.  The  bedrock  in  this 
part  of  the  field  is  almost  wholly  obscured  by  the  heavy  mantle  of  soil, 
but  from  a  study  of  a  few  exposures  in  this  and  adjacent  townships 
the  rock  structure  was  determined.  The  rocks  of  the  Lance  forma- 
tion dip  to  the  northeast  at  about  40  feet  to  the  mile. 

24015°— Bull.  627—16 8 
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The  only  lignite  bed  exposed  in  the  township  shows  the  f  oDowing 
section: 

Section  ofligniU  bed  at  loeation  €95,  in  tec.  tS,  T.  17  JV.,  R.  9  E. 

Shale,  brown.                                                                                     Ft.  in. 

Lignite 2 

Shale,  brown 2  6 

Lignite 1  6 

Shale,  brown.  

Total  section 4  2 

Total  lignite -^ 1  8 

A  well  drilled  in  the  NE.  \  SE.  \  sec.  25  is  reported  to  have  passed 
through  the  following  formation: 

Record  of  well  in  NE,  \  SE.  \  eec.  i5,  T.  17  N.,  R,  9  E. 

Ft.    in. 

Soa 4    0 

Clay,  blue 10      0 

Sandstone,  hard 4      0 

Lignite 8 

Sandstone,  hard 36      0 

Clay,  greenish,  sticky,  with  occasional  partings  of  sandstone —  36      0 

Lignite 6 

Clay,  greenish,  sticky,  with  occasional  partings  of  sandstone 30     0 

Total  section 121      2 

Total  lignite 1      2 

Evidently  this  well  passed  through  the  Ludlow  lignitic  member 
of  the  Lance  into  the  somber-colored  shale  of  the  lower  part  of  the 
formatioQ. 

T.  IS  v.,  R.  f  X. 

The  surface  of  T.  18  N.,  R.  9  E.  is  gently  rolling  and  in  large  part 
cultivated,  so  that  the  underlying  rocks  are  exposed  in  only  a  few 
places.  The  soil,  which  has  resulted  from  the  disintegration  of  soft 
sandstone  and  sandy  shale,  is  a  rich  sandy  loam  and  is  well  adapted  to 
the  raising  of  wheat,  flax,  rye,  and  oats,  as  well  as  potatoes  and  other 
garden  products.  At  the  time  of  examination  in  1911  very  few 
quarter  sections  of  land  in  this  township  remained  uncultivated.  A 
few  rather  prominent  but  small  rugged  buttes  rise  above  the  general 
level  of  the  plain  and  constitute  well-known  landmarks. 

The  somber-colored  shale  of  the  Lance  formation  outcrops  in  the 
valley  of  Gap  Creek,  in  sees.  35  and  36,  and  the  Ludlow  lignitic  mem- 
ber forms  the  surface  rock  in  the  remainder  of  the  township  except  for 
a  small  area  of  the  White  River  formation  in  the  tops  of  low  hills  in 
sec.  5.  The  beds  of  the  Lance  formation  dip  to  the  northeast  at  about 
25  feet  to  the  mile. 

A  bed  of  lignite  outcrops  along  the  stream  in  sec.  4,  and  sections  of 
it  are  given  below,  but  it  does  not  attain  valuable  thickness  in  the 
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township,  and  its  correlation  with  the  beds  exposed  in  the  township 
to  the  north  is  not  known  because  the  rocks  between  the  exposures 
are  covered  by  soil  and  grass. 

Seetions  oflignUe  bed  expoted in  8ee.  4,  T.  J8  N.,  R.  9  E. 


No. 

on 

PI.L 

Location. 

Section 

No. 

on 

PI.  I. 

Location. 

Section. 

GBQ 
700 

NW.iseo.4.. 
NW.iaec.4.. 

Ft,  in. 
Shale,  brown. 

Lignite 1    10 

Shale,  brown. 

Clay,  yellow,  sandy. 

Shale,  brown 6 

Limite 1     6 

701 

NE.>sec.4... 

FL  ftl. 
Clay,  yellow  isandy. 

Lignite 1     6 

Shale.  Drown 7     0 

Lignite 1     0 

Totalsection.     9  '  6 
Total  lignite.     2     6 

Total  section.     1    11 
Total  lignite.     1     6 

Near  the  tops  of  three  rather  prominent  buttes  in  sees.  10, 11,  and 
33  a  bed  of  lignite  is  exposed,  which  attains  a  total  thickness  of  4 
feet  of  good  lignite  separated  into  two  benches  at  one  locahty  (No. 
698,  PL  XI),  but  the  bed  underlies  only  a  small  area  at  the  top  of  the 
butte  and  has  only  20  or  30  feet  of  cover,  hence  is  of  Uttle  commercial 
value.     Other  sections  exposed  on  this  bed  are  as  follows: 

Sections  of  upper  lignite  bed  exposed  in  T.  18  iV.,  R,9  E. 


No. 

on 

PI.  I. 

Location. 

Section. 

No. 

on 

PI.  I. 

Location. 

Section. 

a96 

SE.}sec.32... 

Sandstone. 

Shale,  brown 

Lignite 

Shale,  broMm.. 

Lignite 

Shale/brown. 

Totalsection. 
Total  lignite. 

Ft.  in. 

1     3 
4 

1     -6 
1      9 

697 

SE.  i  sec.  n... 

FL  in. 
Clay,yellow,sandy. 

Lignite 2     5 

Shale,brown. 

4    10 
2      1 

This  bed  is  probably  the  same  as  that  which  imderlies  two  small 
hiUs  in  sees.  34  and  35  of  the  township  to  the  north. 

T.  »  H.,  R.  t  B. 

The  South  Fork  of  Grand  River,  which  crosses  three  sections  in  the 
northern  part  of  T.  19  N.,  R.  9  E.,  is  one  of  the  few  perennial  streams 
of  the  region  and  occupies  a  broad,  open  valley  through  which  it 
flows  in  a  widely  meandering  course.  The  run-off  from  the  township 
is  carried  by  this  river.  Between  the  level  of  the  river  in  sec.  2  and 
the  highest  points  to  the  south,  in  sec.  32,  at  3,070  feet  above  the  sea, 
there  is  a  difference  in  altitude  of  about  400  feet.  One  very  striking 
topographic  feature  in  this  part  of  the  field  is  the  flat-topped  hills 
that  are  capped  by  thin  beds  of  resistant  sandstones.    These  are 
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especially  prominent  in  sees.  9,  10,  15,  and  16.  The  surface  of  the 
township  is  deeply  dissected  by  numerous  smaU  streams,  so  that 
areas  suitable  for  cultivation  are  scarce  and  most  of  the  township  is 
still  used  for  grazing.  The  Ronan  ranch,  in  sec.  11,  is  the  only  large 
ranch  in  the  area,  and  only  a  few  of  the  homesteaders  who  have 
recently  taken  up  land  have  met  with  sufficient  success  to  allow  them 
to  remain.  E^xcdlent  springs  issue  from  the  sandstone  ledges  in  the 
vicinity  of  Hogarth  ranch,  which  is  in  sec.  4  of  the  township  to  the 
south.  Only  a  few  wagon  roads  and  trails  traverse  the  area,  and 
these  follow  the  easiest  routes  laid  out  by  the  old  settlers.  Most  of  the 
roads  lead  to  Reva  post  office,  in  the  township  to  the  west. 

Nearly  all  the  rocks  exposed  in  this  township  belong  to  the  Lance 
formation.  The  lower  rooks  along  the  river  consist  of  somber-colored 
cross-bedded  sandy  shale,  with  carbonaceous  beds  that  locally  merge 
into  lignite.  Above  this  part  of  the  section  the  strata  are  yellow  and 
more  sandy  and  contain  several  beds  of  indiurated  ripple-marked 
cross-bedded  sandstone,  which  give  rise  to  very  rough  topographic 
features.  This  series,  about  350  feet  thick,  is  referred  to  the  Ludlow 
lignitio  member  of  the  Lance  and  embraces  all  the  valuable  beds  of 
lignite  that  are  found  in  this  part  of  the  field. 

Small  erosion  remnants  of  the  White  River  formation  are  preserved 
in  sees.  32  and  33.  The  rocks  are  almost  white,  some  of  them  greenish 
white,  and  in  the  main  are  clay  and  fine-grained  sandstone  containing 
siliceous  lentils.  Along  the  main  drainage  channels  there  are  some 
recent  deposits  of  sand  and  alluvium. 

Considered  as  a  whole,  the  strata  of  this  township  are  essentially 
horizontal,  though  there  is  an  apparent  northeasterly  dip  of  about 
1 5  to  30  feet  to  the  mile.  Here  and  there  the  beds  are  disturbed  more 
than  usual,  some  of  them  dipping  as  much  as  5^.  At  first  sight  this 
condition  seems  to  be  due  to  local  folding,  but  it  may  indicate  the 
slope  on  which  the  sediments  were  deposited  or  it  may  possibly  be 
due  to  the  slipping  of  the  unconsolidated  material  out  from  one  side 
of  a  hill,  allowing  the  cap  of  sandstone  to  settle  unequally. 

Foiur  beds  of  lignite  occur  in  this  township.  The  lowest  one  is  on 
the  south  bank  of  Grand  River,  and  measurements  of  it  were 
taken  at  locations  721  to  724,  726  and  727,  and  at  location  725,  in 
sec.  31  of  the  township  to  the  north.  Detailed  sections  (PI.  IX) 
show  that  the  bed  ranges  from  2  to  4  feet  in  thickness.  No  trace  of 
this  bed  was  found  along  the  valley  in  the  eastern  part  of  the  town- 
ship. At  location  724,  in  the  SW.  J  sec.  4,  where  the  bed  measures 
2  feet  2  inches,  a  small  amount  of  lignite  has  been  taken  out  by  the 
residents  near  by.  At  location  726,  in  the  NW.  J  sec.  6,  there  is  an 
abandoned  strip  pit. 

About  200  feet  above  this  bed  a  second  bed  outcrops  underneath 
the  tops  of  the  highest  hills  and  buttes  through  the  middle  and 
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western  parts  of  the  township.  At  location  728,  in  a  small  butte  in 
sec.  13,  2  feet  of  lignite  is  exposed,  and  the  bed  is  of  about  the  same 
thickness  in  the  buttes  in  the  center  of  the  township,  but  along  the 
western  tiers  of  sections  it  is  much  thicker.  A  section  measured  at 
location  717,  in  the  SE.  i  SW.  i  sec.  18,  shows  that  the  bed  is  there  5 
feet  7  inches  thick.  However,  on  the  south  side  of  this  small  hill,  in 
sec.  19,  the  bed  is  less  than  2  feet  thick.  It  seems  possible  that  one  of 
the  beds  at  the  small  prospect  at  location  705,  in  the  NW.  i  sec.  31, 
is  on  the  same  bed  of  lignite.  At  this  locality  the  upper  bench  is 
2  feet  6  inches  thick;  the  lower  bench  was  covered  by  the  dump 
from  the  upper  bench,  but  was  reported  to  be  3  feet  thick.  At  loca- 
tion 707,  near  the  east  line  of  sec.  24,  T.  19  N.,  R.  8  E.,  near  the  "big 
stone  cairn,"  2  feet  of  lignite  was  measured,  and  at  location  708,  in 
sec.  25,  there  is  2  feet  10  inches  of  fair  lignite  in  the  same  bed.  The 
variation  in  thickness  of  this  bed  is  shown  graphically  by  sees.  705, 
706,  717  to  720,  and  728,  Plate  IX. 

A  third  bed  of  lignite  occurs  nearly  100  feet  above  the  bed  just 
described,  and  small  areas  underlain  by  it  remain  in  the  southwest 
comer  of  the  township.  Measurements  show  that  the  bed  ranges 
from  3  feet  4  inches  to  6  feet  in  thickness.  Detailed  sections  at 
locations  713  to  716,  702,  703,  and  704  are  given  on  Rate  IX.  In  a 
small  gully  in  sees.  19,  20,  29,  and  30  and  also  in  the  east  side  of  sec. 
20  measurements  of  lignite  were  made,  but  the  beds  could  not  be 
correlated.     Sections  measiued  at  locations  709,  710,  and  712  are 

shown  on  Plate  IX. 

T.  M  v..  B.  t  s. 

T.  20  N.,  R.  9  E.,  is  drained  directly  or  indirectly  by  the  South 
Fork  of  Grand  River,  which  meanders  in  a  general  easterly  direction 
through  the  south  tier  of  sections.  The  river  is  one  of  the  few 
perennial  streams  of  this  field,  and  at  flood  times  is  joined  by  several 
small  streams  from  the  northwest.  It  drains  all  but  the  northeast 
comer  of  the  township,  which  is  drained  by  Big  Nasty  Creek.  Fairly 
good  water  is  obtained  in  wells  at  depths  of  50  to  200  feet. 

There  is  a  total  relief  of  about  500  feet.  The  highest  points  are  in 
the  extreme  northwest  comer  and  have  an  elevation  of  about  3,000  feet 
above  sea  level.  The  east  side  of  the  township  is  rolling  and  uneven, 
but  the  northwestern  and  middle  parts  are  decidedly  rugged. 
Between  the  several  small  streams  which  meander  through  narrow 
vaDeys  approximately  parallel  to  the  strike  of  the  rocks  there  are 
high,  narrow,  rugged  divides,  along  the  sides  of  which  the  rocks  are 
well  exposed.  The  valley  of  Grand  River  is  about  2  miles  wide,  but 
is  too  sandy  for  attractive  farm  land. 

The  roughness  of  the  surface  makes  successful  farming  in  this 
township  an  impossibility,  except  in  a  few  small  areas  along  the 
stream  valleys.    The  Olsen  ranch,  in  sec.  21,  the  Leadbeater,  in  see. 
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36,  and  the  Wagner,  in  sec.  7,  are  small  stock  ranches  and  constitute 
the  principal  permanent  settlement.  Homesteaders  have  taken  up 
the  more  favorable  tracts  of  land  and  are  attempting  to  raise  flax, 
wheat,  and  other  small  grains.  Wagon  roads  for  the  most  part  follow 
the  old  trails,  which  were  laid  out  in  the  early  days  along  the  easiest 
lines  of  travel. 

Aside  from  the  recent  deposits  along  the  south  fork  of  Grand 
River  and  the  main  creeks,  the  rocks  belong  to  the  Lance  formation* 
About  400  feet  of  strata  are  exposed,  and  so  far  as  noted  they  are 
essentially  horizontal,  having  a  northeastward  dip  that  does  not 
exceed  15  or  20  feet  to  the  mile. 

The  lower  50  or  100  feet  of  rocks  exposed  along  South  Fork  of 
Grand  River  are  somewhat  more  shaly  than  the  upper  beds.  They  are 
gray,  drab,  and  in  places  brown  in  color,  and  here  and  there  they  con- 
tain a  small  lignite  bed  of  no  value.  The  upper  beds,  which  are  called 
the  Ludlow  lignitic  member  of  the  Lance,  are  more  sandy  and  lighter 
in  color,  some  of  them  being  almost  white  and  others  buff  or  yellow. 
No  fossils  were  collected  from  any  of  the  rocks  in  this  township,  but 
their  age  is  determined  by  correlation  with  rocks  in  adjacent  townships. 

Several  beds  of  lignite  outcrop  in  this  township.  Some  are  of  con- 
siderable thickness,  but  others  are  thin  and  lenticular.  The  more 
valuable  beds  were  mapped  in  the  field  in  considerable  detail,  and 
their  outcrops  are  shown  on  Plate  I.  In  general,  the  beds  are  limited 
to  the  middle  and  northwest  comer  of  the  township.  The  lowest  bed 
mapped  is  at  the  base  of  the  Ludlow  member  and  is  the  same  as  the 
lowest  bed  mapped  in  T.  20  N.,  R.  8  E.;  in  T.  19  N.,  R.  9  E.;  and  in 
sec.  32,  T.  20  N.,  R.  10  E.,  and  possibly  the  same  as  the  bed  mapped 
east  of  Glendo  post  office,  at  the  junction  of  Big  Nasty  Creek  and  the 
South  Fork  of  Grand  River.  Only  two  measurements  of  the  bed 
were  taken  in  this  township — one  at  location  729,  in  the  NE.  J  sec.  32, 
(see  PI.  IX),  where  only  10  inches  of  lignite  is  exposed,  with  an  8-inch 
bed  6  feet  below,  and  the  other  at  location  725,  in  sec.  31,  where  the 
bed  is  3  feet  8  inches  thick. 

About  100  feet  above  this  bed  is  a  second  lignite.  Owing  to  the 
fact  that  in  many  places  outcrops  are  separated  by  grassy  slopes, 
there  is  some  doubt  as  to  the  accuracy  of  correlation,  but  exposures 
at  locations  739,  741,  and  743  to  747  are  thought  to  be  on  this  bed. 
Details  of  those  measiu*ements  are  given  on  Plate  IX.  At  location 
745,  in  sec.  27,  a  small  mine  has  been  opened  on  this  bed.  The  bed 
ranges  in  thickness  from  11  inches  at  location  747  to  4  feet  5  inches 
at  location  745,  and  only  here  and  there  is  it  of  even  local  importance. 
At  location  742  in  section  14  a  tliin  bed  is  exposed,  but  its  correlation 
with  other  beds  was  not  determined. 

About  50  feet  above  this  bed  is  a  third,  which  was  measured  at 
locations  730,  740,  732  to  738,  769,  774,  and  776.     (See  PI.  IX.)     In 
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thickness  it  ranges  from  6  inches  at  location  736,  in  sec.  21,  to  5  feet 
4  inches  at  location  737,  in  sec.  22.  At  location  776,  in  sec.  5,  the  bed 
is  only  8  inches  thick,  and  at  many  other  places  it  holds  about  the  same 
thickness.     Its  elevation  is  from  2,770  to  2,780  feet  above  sea  level. 

About  20  or  30  feet  above  it,  in  sec.  18  and  vicinity,  occurs  a  fourth 
bed  which  ranges  in  thickness  from  6  inches  along  the  road  in  the 
SE.  \  NE.  i  sec.  18  to  1  foot  6  inches  at  location  731. 

About  40  or  50  feet  above  the  thin  bed  last  mentioned  is  the  only 
valuable  bed  in  the  township,  and  its  outcrop  was  traced  in  detail. 
The  measurements  at  locations  750  to  758,  760  to  765,  767  and  768, 
and  770  to  773  (shown  in  detail  on  PI.  IX)  are  considered  to  be  on 
this  bed.  Its  altitude  is  from  2,800  to  2,840  feet,  the  northeastern 
exposures  being  the  lower.  It  is  possibly  the  same  bed  as  the  Widow 
Clark  bed  m  T.  21  N.,  R.  7  E.  At  the  Olson  mine  aocation  763),  m 
the  SW.  i  SE.  i  sec.  17,  the  bed  is  11  feet  4  inches  thick,  and  at  the 
Newcomb  mine  (location  762),  in  the  SW.  i  SW.  i  sec.  10,  it  contains 
10  feet  8  inches  of  first-lass  lignite.  A  sample  was  taken  at  the 
Newcomb  mine  for  analysis  (No.  15062),  which  was  made  by  the 
Bureau  of  Mines.  Although  in  the  main  this  bed  is  persistent  it 
varies  decidedly  from  place  to  place.  For  instance,  at  location  764,  in 
the  NW.  i  NE.  J  sec.  8,  only  1^  nules  west  of  the  Newcomb  mine,  the 
bed  is  but  2  feet  6  incites  thick  and  is  badly  spUt  by  shale.  In  the 
township  to  the  north  the  bed  thins  to  about  3  feet.  Its  quality,  as 
shown  by  the  analysis,  is  good,  and  field  inspection  at  other  places 
revealed  little  impurity.  A  considerable  part  of  the  northwest  comer 
and  middle  of  the  township  is  underlain  by  this  lignite,  with  cover 
ranging  from  a  few  feet  to  about  150  feet. 

The  bed  at  location  759,  in  sec.  23,  is  shown  graphically  on  Plate 
IX.    It  lies  above  the  Widow  Clark  bed. 

T.  ti  v.,  R.  t  B. 

The  valley  of  Big  Nasty  Creek,  which  crosses  T.  21  N.,  R.  9  E., 
from  northwest  to  southeast,  is  fairly  broad  and  open,  as  is  that  of  a 
large  stream  leading  southeastward  from  the  Lodgepole  Buttes  and 
joining  Big  Nasty  Creek  in  sec.  35.  Both  of  these  streams  follow 
markedly  meandering  courses.  The  southwest  comer  of  the  town- 
ship is  very  rough  and  of  a  somewhat  badland  character.  The 
northwest  comer  is  high  and  mesa-like  and  is  a  part  of  the  upland 
which  surrounds  the  Lodgepole  Buttes.  The  remaining  portions  are 
rough,  broken,  and  grass-covered.  The  total  relief  is  in  the  neighbor- 
hood of  400  feet,  the  highest  points  being  in  sec.  11,  at  3,000  feet  above 
sea  level,  and  in  the  northwest  comer  of  sec.  6,  at  2,980  feet. 

Nearly  every  desirable  quarter  section  has  been  filed  upon  by 
homesteaders.  A  small  tract  of  land  has  been  irrigated  on  the 
Shirley  ranch,  in  sec.  9,  and  a  fine  crop  of  wheat  was  raised  there  in 
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1912.  The  Howard  ranch,  one  of  the  oldest  m  this  vicinity,  is  in  sec. 
19.  Along  Big  Nasty  Creek  and  its  large  tributary  in  the  middle  of 
the  township  there  are  small  areas  of  irrigable  land,  but  the  supply  of 
water  is  rather  meager.  Watson  post  office,  in  sec.  14,  receives  mail 
from  Reeder,  N.  Dak. 

The  total  thickhess  of  rock  exposed  in  this  township  is  about  400 
feet.  The  lower  50  or  75  feet  of  strata  exposed  along  the  banks  of 
Big  Nasty  Creek  consist  of  dark-colored  shale,  with  beds  of  brownish 
sandstone  and  thin  beds  of  lignite.  They  carry  characteristic  ferru- 
ginous nodules,  which,  after  the  rocks  are  disintegrated,  remain  on 
the  weathered  surface  as  brownish  or  reddish  rounded  masses.  The 
soil  resulting  from  the  breaking  down  of  this  shale  is  gumbo-like  and 
supports  but  little  vegetation. 

The  succeeding  rocks  are  more  sandy  and  contain  a  number  of 
lignite  beds.  These  rocks,  which  cover  the  southwestern  part  of  the 
township,  are  classed  as  the  Ludlow  lignitic  member  of  the  Lance 
formation.  Rocks  evidently  belonging  to  the  Lance  formation 
exposed  in  the  northeastern  part  of  the  township  and  occupying 
nearly  the  same  stratigraphic  position  as  those  of  the  Ludlow  member 
are  placed  in  the  Cannonball  marine  member  of  the  Lance.  The 
evidence  for  this  correlation  is  a  bed  of  oysters,  Ostrea  glabra,  found 
in  sec.  14.  These  fossils  occur  at  about  the  same  horizon  as  the 
marine  fossils  collected  in  T.  23  N.,  R.  9  E.  The  rocks  consist  of 
shale  and  sandstone.  The  division  between  the  marine  and  lignitic 
members  of  the  Lance  along  Big  Nasty  and  Shirley  creeks  is  arbi- 
trarily drawn,  because  it  was  not  mapped  in  the  field. 

The  upper  75  feet  of  strata  are  classed  as  the  Fort  Union  formation. 
They  are  light-colored  and  are  mostly  fine-grained  sandstone,  with 
interbedded  soft  shale  and  thin  lenses  of  limestone.  The  sandstone 
is  locally  ripple-marked  and  somewhat  cross-bedded.  The  lime- 
stone is  light  buflP  or  brownish  yellow  on  the  oxidized  siu-face  and 
drab  to  bluish  gray  on  the  imaltered  surface.  In  sec.  1 1  there  are  a 
great  number  of  quartzite  bowlders,  which  are  derived  from  a  thin 
stratmn  of  siliceous  rock  occurring  about  150  feet  above  the  base  of 
the  formation.  The  nearest  locality  where  such  material  is  foimd  in 
place  is  Anarchist  Butte,  in  sec.  34,  T.  22  N.,  R.  9  E.,  where  the 
stratum  has  an  altitude  of  3,050  feet.  The  bowlders  do  not  disinte- 
grate readily,  hence  they  remain  scattered  over  the  surface  after  the 
inclosing  strata  have  been  washed  away. 

Alluviiun  occurs  along  the  two  main  creeks  in  an  area  about  one- 
fourth  to  one-half  mUe  in  width. 

The  strata  of  this  area  are  essentially  horizontal.  Altitudes  on 
beds  at  three  different  horizons  in  northeastern  Harding  County  show 
that  the  rocks  in  this  general  region  have  a  dip  to  the  northeast  of 
about  20  feet  to  the  mile. 
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Two  valuable  beds  of  lignite  crop  out  in  this  township.  The  lower 
one  is  possibly  the  same  as  the  Widow  Clark  bod  of  T.  21  N.,  Rs.  7 
and  8  E.  Its  outcrop  was  traced  with  considerable  difficulty,  owing 
to  the  grass-covered  slopes,  but  several  measurements  of  the  bed  were 
obtained.  On  the  north  side  of  Big  Nasty  Creek  at  locations  784  to 
786,  in  sees.  19  and  20,  it  is  more  than  3  feet  thick.  No  evidence  of 
its  presence  was  detected  in  the  area  east  of  the  northwest  corner  of 
sec.  9,  althoughMr.  Korsca,  at  Watson,  in  sec.  14,  reports  having  struck 
in  his  well  about  3  feet  of  lignite,  which  may  be  the  same  bed.  A  small 
outlier  of  this  bed  occxu^  in  sees.  27  and  21,  and  a  measxu^ment  at 
location  783  (see  PI.  IX)  shows  the  bed  to  be  3  feet  10  inches  thick. 
Five  sections  exposed  at  locations  642,  643,  777,  779,  780,  and  781, 
in  sees.  31  and  32,  are  supposed  to  be  on  this  bed.  Its  thickness 
ranges  from  2  feet  2  inches  at  location  779  to  4  feet  8  inches  at  loca- 
tion 642.  At  location  781  the  bed  is  represented  by  carbonaceous 
shale.  Further  detailed  information  is  given  on  Plate  IX.  In  a 
narrow  draw  in  the  western  part  of  sec.  31  (locations  642  and  643) 
there!  are  two  small  strip  pits  on  the  bed,  from  which  lignite  has  been 
mined  by  the  near-by  inhabitants. 

About  50  feet  above  this  bed  is  a  second  bed,  which  at  locations 
640  and  778  shows  the  detail  given  on  Plate  IX.  At  location 
660A,  in  the  SW.  J  sec.  18,  this  bed  is  2  feet  1  inch  thick.  In  the 
SW.  1  sec.  31  red  rock  possibly  formed  by  the  burning  of  the  Gian- 
nonatti  bed  is  exposed  near  the  top  of  a  hill,  but  no  lignite  is  present. 
Along  the  bank  of  Big  Nasty  Creek  at  location  782,  in  sec.  28, 
occurs  the  lowest  bed  of  lignite  examined  in  this  township.  It  is 
2  feet  thick  and  has  been  prospected  for  a  fuel  supply  for  local  use. 

T.  2S  H.i  B.  t  E. 

From  the  high  grassy  divide  which  crosses  T.  22  N.,  R.  9  E.,  in 
a  westerly  direction,  the  sm^ace  slopes  gradually  to  the  North  Fork 
of  Grand  River  on  the  north  and  Big  Nasty  Creek  on  the  south. 
The  most  imposing  topographic  feature  of  this  part  of  the  field 
consists  of  the  Lodgepole  Buttes,  three  rocky  prominences,  rising 
about  200  feet  above  the  surrounding  country,  or  3,222  feet  above 
sea  level,  in  sees.  19  and  20  of  this  township  and  sees.  24  and  25 
of  the  township  to  the  west.  The  buttes  are  capped  by  a  massive 
sandstone  that  protects  the  underlying  strata  from  erosion.  Another 
prominent  topographic  feature  is  Anarchist  Butte,  in  sees.  33  and  34. 

Althou^  nearly  every  tillable  section  of  land  has  been  taken 
by  homesteaders,  there  are  now  only  a  few  settlers  who  are  meeting 
with  success  in  raising  crops.  A  lai-ge  niunber  of  tracts  that  were 
cultivated  for  a  time  are  now  overrun  with  weeds  and  Russian  this- 
ties,  although  xmbroken  meadow  lands  still  produce  an  abundance 
of  prairie  grass.    The  average  annual  rainfall  is  not  more  than  15 
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inches,  and  there  is  little  or  no  water  for  irrigation,  so  that  the  future 
success  of  farming  depends  on  the  development  and  use  of  adequate 
dry-farming  methods.  Good  springs  issue  from  the  north  and  south 
sides  of  the  Lodgepole  Buttes.  Aside  from  the  springs  the  residents 
depend  on  wells,  usually  less  than  200  feet  deep,  for  water  supply. 
Wagon  roads  can  easily  be  built  along  section  lines,  and  those  few 
which  still  follow  the  old  trails  will  ultimately  be  shifted  to  the  sec- 
tion lines. 

There  are  420  feet  of  rocks  exposed  in  this  township,  the  lower 
100  feet  of  which  belong  to  the  Ludlow  lignitic  member  of  the  Lance 
formation  and  consist  of  interbedded  shale,  sandstone,  and  Ugnite. 
This  member  is  exposed  along  the  north  side  of  the  township,  but 
erosion  has  not  cut  deeply  enough  in  the  south  side  to  reveal  its  pres- 
ence. Interbedded  with  the  Ludlow  member  and  below  the  Fort 
Union  formation  there  is  a  thin  series  of  strata  assigned  to  the  Can- 
nonball  marine  member  of  the  Lance.  Although  this  member  con- 
tains marine  fo&sils  in  adjacent  areas,  none  were  foimd  in  this  town- 
ship, and  as  the  rocks  are  similar  Uthologically  to  those  of  the  lignitic 
member  the  boundary  between  these  members  is  drawn  arbitrarily. 

The  Fort  Union  formation  overUes  the  Lance  and  is  exposed  in 
almost  all  parts  of  the  township,  but  its  maximum  thickness  (320 
feet)  is  shown  only  in  the  Lodgepole  Buttes.  The  lower  part  of  the 
formation  consists  of  interbedded  buff  to  yeUow  shale  and  sandstone, 
with  here  and  there  a  thin  bed  of  limestone.  The  resistance  to  ero- 
sion of  the  thin  indurated  sandstones  and  limestones  has  produced 
the  rather  abrupt  slopes  leading  from  the  creek  bottoms  to  the  upland. 
The  quartzite  of  the  Fort  Union  occurs  in  place  about  95  feet  below 
the  top  of  Anarchist  Butte,  and  the  numerous  quartzite  bowlders 
which  are  scattered  over  the  township,  particularly  along  the  south 
side,  are  derived  from  this  stratum.  In  some  places  these  bowlders 
are  so  thick  as  to  interfere  materially  with  the  cultivation  of  the  soil. 
The  massive  coarse-grained  brownish  sandstone  that  caps  the  Lodge- 
pole and  Anarchist  buttes  is  from  50  to  75  feet  thick  and  is  strati- 
graphically  the  uppermost  Fort  Union  rock  in  the  State.  The  rocks 
of  the  Fort  Union  formation  are  in  general  Ughter  colored  and  more 
regularly  bedded  than  those  of  the  Lance. 

A  northeastward  dip  of  the  formations  in  this  township  amount- 
ing to  about  20  feet  in  a  mile  is  shown  by  the  elevations  determined 
on  the  upland  area,  which  apparently  is  capped  by  the  same  series 
of  sandstones  and  limestones. 

The  lowest  bed  of  lignite  that  was  found  cropping  out  in  this  area 
has  been  mined  at  location  791  (see  PI.  IX),  in  sec.  4. 

At  location  790,  in  sec.  4,  the  bed  is  2  feet  thick.  This  lignite 
bed  is  probably  the  same  as  the  one  mapped  in  sec.  36,  T.  23  N., 
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R.  9  E.,  and  in  the  vicinity  of  Bloom.  It  is  possibly  the  same  as 
that  mapped  on  the  north  side  of  the  township  to  the  south,  but  of 
this  there  is  no  direct  evidence. 

A  second  lignite  bed  underlies  the  Lodgepole  Buttes,  and  at  loca- 
tion 788;  in  sec.  19,  where  its  thickness  is  4  feet,  a  small  mine  has 
been  opened  on  it.  In  a  draw  near  the .  northwest  quarter  comer 
of  sec.  30  a  second  mine  has  been  opened  on  a  bed  of  lignite  pos- 
sibly the  same  as  the  one  on  the  north  slope  of  the  buttes.  The 
niine  when  visited  was  so  badly  caved  that  no  section  was  obtained. 
The  altitude  of  the  bed  as  determined  on  the  north  slope  of  the  buttes 
is  3,020  feet.     The  bed  is  possibly  the  same  as  that  mapped  near 

Lodgepole  post  office. 

T.  n  v.,  R.  t  s. 

The  drainage  of  T.  23  N.,  R.  9  E.,  goes  into  the  North  Fork  of 
Grand  River  and  its  small  tributaries.  The  river  in  very  dry  seasons 
is  intermittent,  although  classed  as  a  perennial  stream.  The  total 
relief  of  the  surface  is  300  feet,  and  the  highest  determined  point  is 
along  the  south  township  line  in  sec.  32.  The  river  at  its  lowest 
point  in  sec.  24  has  an  altitude  of  2,600  feet.  A  considerable  por- 
tion of  the  upland  consists  of  broad,  flat  stretches  of  treeless,  grass- 
covered  coimtry  or  cultivated  fields.  The  uplands  have  a  rather 
precipitous  boundary,  caused  by  the  ledges  of  sandstone  and  lime- 
stone, which  resist  erosion.  The  open  valley  of  the  North  Fork  of 
Grand  River  is  about  a  mile  in  width.  The  physiographic  expres- 
sion of  this  area  is  one  of  maturity,  the  drainage  being  well  estab- 
lished, the  streams  meandering  over  their  valley  floors,  the  uplands 
being  almost  entirely  dissected,  and  no  imdrained  areas  remaining. 

Practically  all  the  land  has  been  taken  up  in  homesteads  and  fairly 
good  crops  of  wheat  and  flax  are  grown.  If  the  precipitation  were 
greater  and  more  evenly  distributed  over  the  year,  the  soil  would 
bo  productive  and  the  coimtry  prosperous.  Bloom  post  office  is 
in  sec.  24,  along  the  State  line. 

The  lower  75  to  100  feet  of  rocks  exposed  ialong  the  North  Fork  of 
Grand  River  are  composed  of  shale,  lignite,  calcareous  sandstone,  and 
sandy  limestone.  The  part  including  two  lignite  beds  is  nonmarine, 
but  the  part  below  the  lowest  exposed  lignite  is  marine  at  least  in 
places  and  that  above  the  upper  lignite  for  a  few  feet  is  also  marine. 
Marine  Cretaceous  fossils  collected  in  sees.  24  and  36  indicate  trans- 
gression of  the  sea  at  the  close  of  Lance  time.  The  marine  beds  are 
included  in  the  Cannonball  marine  member  of  the  Lance,  and  the 
nonmarine  beds  in  the  Ludlow  lignitic  member. 

A  few  feet  of  the  Fort  Union  formation  caps  the  interstream  areas. 
The  rocks  are  chiefly  thin  beds  of  decidedly  ripple-marked,  somewhat 
resistant  sandstone,  and  thin  lenses  of  limestone.     The  limestone  is 
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light  buff  to  yellow  on  the  oxidized  surface,  but  when  broken  o] 
the  fresh  surface  is  drab  or  bluish.     It  has  a  conchoidal  fracture 
is  very  dense  in  texture. 

As  determined  from  the  altitudes  of  the  lignite  beds  and  the  h 
stretches  of  upland,  which  are  apparently  capped  by  the  same  h 
of  sandstone  and  limestone,  the  rocks  have  a  slight  eastward  di] 
about  20  feet  to  the  mile. 

Two  beds  of  lignite  crop  out  in  the  township.    The  lower  one 
locally  known  as  the  Billy  Green  bed.    At  location  797  (see  PI. 
near  the  old  Green  ranch,  both  beds  were  measured. 

East  of  Bloom,  at  location  793,  the  lignite  is  only  1  foot  thick,  oi 
one  of  the  lower  two  benches  in  the  previous  section  being  foi 
The  bed  was  traced  to  location  792,  in  the  SE.  I  sec.  21,  where 
section  given  in  Plate  IX  was  measured. 

A  few  loads  of  lignite  have  been  mined  at  this  place,  but  the  bed 
badly  split  by  shale  partings  and  on  the  whole  seems  to  be  of  p( 
quality.    The  general  low  grade  of  the  lignite  is  shown  by  the  fact  tl 
the  people  hving  in  this  immediate  vicinity  woiild  rather,  when  th< 
can  afford  it,  drive  to  the  railroad  and  buy  Roundup  or  Hoc) 
Valley  coal.     The  correlation  of  the  Billy  Green  bed  with  beds 
adjacent  townships  was  not  attempted  and  probably  can  not 
accurately  made.     However,  a  bed  that  crops  out  in  T.  23  N.,  R.  l(L^ 
E.,  is  apparently  the  same.  » 

About  40  to  50  feet  above  the  BiUy  Green  bed  occurs  the  secon< 
bed  of  lignite,  on  which  measurements  were  made  at  locations  789,1 
797,  794,  795,  796.     (See  PI.  IX.)     The  bed  is  thickest  in  sec.  36," 
where  at  a  small  mine  (location  794),  3  feet  2  inches  of  very  good 
lignite  is  exposed.     At  location  795,  at  a  spring,  the  bed  is  2  feet  10 
inches  thick.    The  bed  was  mapped  about  half  a  mile  northward 
from  location  795,  but  the  best  measurement  obtainable  was  1  foot 
of  lignite  at  location  796.    A  thickness  of  4  feet  of  lignite  was  reported 
to  have  been  found  in  a  well  in  the  NW.  J  sec.  6,  T.  22  N.,  R.  10  E., 
at  a  depth  between  40  and  60  feet.    This  is  probably  the  same  bed  of 
lignite.    This  bed  is  exposed  at  location  793,  in  the  middle  of  sec.  24, 
but  is  only  a  few  inches  thick.    At  all  other  places  in  this  township 
where  the  bed  was  measured  it  is  less  than  2  feet  thick  and  its  outcrop 
was  not  mapped  in  detail.     In  the  western  part  of  the  township  no 
evidence  of  this  lignite  or  even  a  lower  bed  was  foimd. 

T.  16  H..  B.  10  S. 

A  gently  rolling  grass-covered  prairie  constitutes  the  surface  of  a 
largepart  of  T.  16  N.,  R.  10  E.  The  small  town  of  Vernal,  in  sec.  7, 
is  surroimded  by  a  lai^e  number  of  successful  farms. 

The  surface  rocks  belong  to  the  Lance  formation,  the  Ludlow 
lignitic  member  occupying  a  small  area  along  the  divide  north  of 
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Antelope  Creek.  From  such  data  as  the  few  expostires  of  rock 
afford,  it  is  evident  that  the  beds  dip  slightly  northeastward.  So  far 
as  is  known  to  the  writers,  no  bed  of  lignite  is  exposed  in  the  town- 
ship, and  the  underlying  rocks  are  believed  not  to  contain  lignite  in 
this  part  of  the  field. 

T.  17  v.,  a.  10  B. 

Rabbit  Creek,  which  crosses  T.  17  N.,  R.  10  E.,  from  west  to  east, 
occupies  a  rather  broad  valley,  on  the  south  side  of  which  the  land 
rises  rapidly  to  a  high  divide  in  the  southern  part  of  the  township. 
Sonun,  in  sec.  7,  is  a  small  but  prosperous  town  on  the  surveyed 
line  of  a  branch  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway  and 
fonus  the  trading  center  for  a  large  farming  community. 

The  surface  rocks  belong  to  the  Lance  formation.  The  Ludlow 
lignitic  member  of  the  Lance  is  exposed  in  the  high  divide  in  the 
southern  part  of  the  township,  where  it  has  a  maximum  thickness  of 
about  200  feet.  The  lower  sandstones  of  the  member  also  cap  the 
divides  north  of  the  creek.    The  formation  dips  gently,  northeast. 

Although  the  gently  rolling  surface  of  this  township  is  in  most 
places  grass-covered,  lignite  beds  are  exposed  at  a  number  of  places. 
The  thickest  bed  crops  out  near  the  top  of  a  small  hill  at  location  799, 
in  sec.  28  (see  PL  XI),  where  a  small  mine  has  been  opened  and  a 
few  loads  of  lignite  have  been  removed.  Although  the  bed  has  a 
thickness  of  3)  feet  at  this  locaUty,  there  is  hardly  sufficient  cover 
anywhere  to  prevent  the  weathering  of  the  lignite,  and  consequently 
it  is  not  workable  except  for  local  use.  The  Enudsen  mine,  at  loca- 
tion 811,  in  sec.  2  (PI.  V,  A,  p.  44),  is  the  only  place  in  the  township 
where  lignite  has  been  mined  in  a  commercial  way.  The  mine  was 
opened  by  Andrew  H.  Enudsen  in  1910  and  was  worked  by  stripping 
the  overburden,  but  at  the  time  of  examination,  in  August,  1911, 
several  hundred  feet  of  narrow  entries  had  been  driven  close  together, 
leaving  no  space  for  rooms.  It  is  reported  that  during  the  winter  of 
1910-11  more  than  100  wagon  loads  of  lignite,  or  approximately  200 
tons,  was  sold  to  the  farmers  of  the  surrounding  country.  The  fol- 
lowing section  of  the  bed  was  measured  near  the  end  of  the  workings, 
about  150  feet  from  the  opening,  where  a  sample  of  the  Ugnite  was 
taken  for  analysis  (No.  12454,  p.  42) : 

Section  in  Knud»en  rrwnt,  at  location  811,  sec.  2,  T.  17  N.,  R.  10  E. 

Sh«le,  flandy.  Ft.  in. 

Lignite,  fair  (included  in  sample) 10 

Lignite  (included  in  sample) 1      9 

Shale,  brown 4 

Clay,  lignite,  bony 7 

Total  section 3      6 

Total  lignite 3      2 
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At  location  810,  in  sec.  2,  the  same  bed  of  lignite  as  the  one  mined 
at  the  Ejiudsen  mine  is  only  2  feet  6  inches  thick. 

Thinner  lignite  beds  are  exposed  at  a  number  of  localities  in  the 
township,  but  no  attempt  was  made  to  correlate  them.  The  locations 
where  measurements  were  made  are  shown  on  Plate  II  (in  pocket), 
and  the  following  sections  indicate  the  character  of  the  beds: 

Sections  ofligmJU  beds  in  T.  17  N.,  R.  10  E, 
[In  addition  to  those  shown  on  ri.  XI.] 


No. 
on 
PI. 

n. 


708 


800 


801 


802 


803 


804 


Location. 


SE.  i  960.  3». 


BE.  i  sec.  30  . 


NW.i8ec.28 
8W.  i  sec.  19. 


NW.isec.19. 
SE.  i  sec.  18. . 


Section. 


Shale,  sandy.  Ft.  in. 

Shale. brown.......    2   0 

Li^te. 6 

Shale,  brown...    1   3 
Lignite,  poor.  ..18 

Shale,  Drown.         

Total  section.    5   6 
Total  lls^te..    2   2 

Clay^  sandy. 

Lignite 6 

Shale 2   6 

Lignite,  poor.  ..26 

Shale,  orown.         

Total  section.    5    6 
TotallJs^te..    3   0 

Soil. 

Lignite 1    6+ 

Base  not  exposed. 

Clay,  sandy. 

Shale,  brown 1    6 

Lknite 1    6 

Shale,  Drown.  

Total  section.    3   0 
Total  lignite..    1    « 

Sandstone,  gray. 

Lignite 1    1 

Shale. 

Sandstone,    light 

gray 4    0 

Shale,  brown 3 

Lignite 11 

Shale,  brown...        6 

Lignite 6 

Shale,  brown...        2 

Lignite 1    6 

Shale,  Drown.  

Total  section.  7  10 

Totallignite..  2  11 


No. 
on 
PI. 

n. 


805 


806 


807 


808 

809 

812 


Location. 


NE.  i  sec.  18. 


NE.isec.  18.. 


NW.  i  sec.  18 


NW.isec.18. 

NW.isec.  3. . 
SW.iseo.  1... 


Section. 


Shale.                      Ft.  in. 

Lignite 3 

Shale 8 

Lignite 6 

Shale I 

Lignite U 

Interval,  about 25 

Shale,gray 8 

Limite 1  6 

Shale,  brown.         

Total  section.  29  7 

Total  U^te..    3  2 

Shale,  brown,sandy. 

Lignite 9 

Shale 8 

Lignite 2 

Shale 2 

Lignite 1  1 

Shale,  brown. . .    1  9 

Lignite 7 

Shale,  brown .  

Total  section.    5  2 

Totallignite..    2  7 

Sandstone. 

Shale,  brown 3 

Lignite 2  0 

Shale,  brown.  

Total  section.    2  3 

Total  lifniite..    2  0 

Soil. 

Limlte 1  9 

Shale,  brown. 

Lignite,  about 2 

Shale. 

Lignite 6 

Shale,  brown 3  0 

Lignite 1  7 

Shale,  browTB.  

Total  section.    5  1 

Totallignite..    2  1 


T.  18  v.,  &.  10  B. 

The  surface  of  T.  18  N.,  R.  10  E.,  is  a  rolling  grass-covered  prairie, 
parts  of  which  have  been  broken  for  cultivation  in  the  last  few 
years.  By  far  the  larger  part  of  the  township  is  comparatively  level 
and  forms  good  farm  land,  the  maximum  difference  in  altitude  between 
the  valley  in  sec.  33  and  the  top  of  White  Hill,  in  sec.  4,  being  only 
about  200  feet.  A  large  number  of  farmers  have  settled  in  this  part 
of  the  field. 
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A  small  area  of  the  lower  part  of  the  Lance  formation  is  exposed 
in  sees.  31,  32,  and  33,  and  the  Ludlow  lignitio  member  of  the  L^ce, 
exposed  south  of  the  South  Fork  of  Grand  River,  reaches  its  maximum 
thickness  (about  325  feet)  in  the  divide  along  the  northern  edge  of 
the  township.  White  Hill,  in  sec.  4,  is  capped  by  about  50  feet 
of  the  White  River  formation  and  rises  as  a  prominent  landmark 
above  the  general  level  of  the  meadow  land. 

A  single  bed  of  lignite  was  measured  at  location  813,  in  sec.  20, 
where  it  is  2  feet  8  inches  thick  and  lies  between  beds  of  brown  shale. 

Part  of  the  land  in  the  southeast  comer  of  the  township  is  probably 
imderlain  by  the  lignite  bed  worked  at  the  Enudsen  mine,  in  sec.  2, 
T.  17  N.,  R.  10  E.,  but  as  this  bed  is  less  than  3  feet  thick  at  all  points 
along  its  outcrop,  it  is  thought  to  be  of  little  commercial  importance. 
The  bed  of  lignite  mined  at  the  Jones  mine,  at  location  824,  in  sec. 
36,  T.  19  N.,  R.  10  E.,  where  it  is  about  5  feet  thick  (see  PL  XI), 
in  all  probability  imderlies  a  part  of  the  northeast  quarter  of  this 
township.  A  lignite  bed  1  foot  6  inches  thick,  reported  at  a  depth  of 
30  feet  in  a  well  at  location  814,  in  sec.  13,  may  be  at  the  same  bed 
as  that  at  the  Jones  mine. 

T.  U  v.,  &.  10  B. 

T.  19  N.,  R.  10  E.,  lies  in  the  area  known  locally  as  The  Breaks  and, 
as  that  name  indicates,  the  surface  is  deeply  dissected,  many  of  the 
small  streams  tributary  to  the  South  Fork  of  Grand  River  occupying 
narrow,  steep-sided  vsJleys  more  than  100  feet  deep.  Owing  to  this 
fact  very  little  has  been  accomplished  in  attempts  at  farming  in  the 
township.  There  is  a  difference  in  altitude  of  about  300  feet  between 
the  valley  of  the  South  Fork  of  Grand  River  on  the  north  and  the 
Meadow  flat  in  the  southern  part  of  the  township. 

The  surface  rocks  belong  to  the  Ludlow  lignitic  member  of  the 
Lance  formation,  nearly  the  entire  thickness  of  which  is  represented. 
From  data  collected  along  the  outcrops  of  lignite  beds  the  rocks 
appear  to  dip  gently  to  the  northeast. 

Several  more  or  less  valuable  beds  of  lignite  outcrop  in  the  rough 
area  north  of  the  Meadow.  The  best  and  stratigraphically  the 
highest  bed  was  traced  from  a  point  near  the  west  edge  of  the  town- 
ship eastward  into  T.  19  N.,  R.  11  E.,  and  has  a  thickness  varying 
from  1  foot  8  inches  at  location  815,  in  sec.  32,  to  6  feet  1  inch  at  a 
small  mine  at  location  82 1 ,  in  sec.  27.  Farther  east  the  bed  is  thinner, 
so  that  at  location  895,  in  sec.  20,  T.  19  N.,  R.  1 1  E.,  it  is  represented 
by  only  2  feet  of  lignite.  Two  mines  are  located  on  this  bed  in 
the  township;  a  small  opening  at  location  821,  where  after  strip- 
ping off  the  overlying  rock  the  operators  removed  several  loads 
of  lignite;  and  the  Jones  mine  (PI.  V,  B,  p.  44),  at  location  824,  in 
sec.  35,  which  is  worked  from  a  number  of  driii  openings.    The  bed 
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at  the  Jones  mine  is  5  feet  4  inches  thick  (see  PI.  XI)  and  is  overlain 
by  75  to  100  feet  of  cover.  In  mining,  the  upper  bench  of  lignite, 
1  foot  2  inches  thick,  is  left  as  roof.  In  August,  1911,  the  mine 
workings  consisted  of  a  main  entry  about  200  feet  long  and  numerous 
rooms  on  each  side.  Before  the  present  system  of  mining  was  adopted 
seven  parallel  drifts  were  run  into  the  side  of  the  hill  for  distances  of 
nearly  100  feet,  but  all  except  the  one  now  used  for  a  main  entry 
were  abandoned  in  1909.  The  equipments  of  the  mine  included  two 
cars,  platform  scales,  and  a  small  blacksmith  shop.  One  man  was 
working  in  August,  1911,  and  several  wagon  loads  of  lignite  were 
sold  daily.  The  output  for  1910,  which  was  sold  to  the  farmers 
near  by  at  $2.50  a  ton  at  the  mine,  was  925  tons.  The  lignite  as  it 
comes  from  the  mine  is  hard,  brown,  and  woody,  but  it  weathers  too 
rapidly  to  stock  successfully.  Analysis  12453  (p.  42)  was  made  on  a 
fresh  sample  and  represents  the  general  character  of  the  lignite  in 
this  mine.  All  the  measurements  taken  on  this  bed  (sections  815  to 
828,  830,  and  852)  are  shown  graphically  on  Plate  XI. 

About  45  feet  below  the  Jones  bed  lies  a  thin  bed  of  lignite,  which, 
probably  because  of  its  proximity  to  the  more  valuable  bed  above, 
has  never  been  prospected.  It  varies  in  thickness,  reaching  a  maxi- 
mum of  2  feet  9i  inches.  The  variation  is  shown  by  the  following 
sections: 

Sectiona  of  lignite  bed,  4S/eet  below  the  Jones  bed  in  T,  19  N.y  R.  10  E. 


No. 

on 

tLII. 


834 


835 


836 


837 


838 


Location. 


SE.iseo.29.. 


NW.i8ec.28. 


8W.i8ec.21. 


SW.i8eo.22. 


SMr.  i  sec.  22. 


Section. 


Shale,  brown.  ft.  in. 

Lignite 1    3 

8hale,Drown. 

Sbale.  brown. 

Lignite 1    6 

8bale,Drown. 

Sandstone,  yellow. 

Lignite 1  11 

Shale,  brown. 

Shale,  brown. 

Lignite 1    6 

Shale,  brown...         1) 

Lignite 1    2 

Shale,  brown.  — : 

Total  section.  2    0^ 

Totallignite..  2    8 

Shale,  brown. 

Lignite 1    1 

Shale  brown...        3 

Limite 1    0 

Shale  |brown.  

Total  section.  2    4 

Totallignite.  2    1 


No. 

on 

PL  II. 


839 


840 


Location. 


S£.  isec.22.., 


NB.iseo.22. 


Section. 


Shale.  FL  in. 

Lignite 2    4 

Interval 22   0 

Llenite 2    0 

Shale/brown.        

Total  section.  26    4 
Total  li^ite..    4    4 

Shale,  blue. 

Lignite 10 

Shale!  brown...        3} 

Lignite 1    8 

Shale,Drown.  

Total  section.  2   0^ 

Totallignite..  2   6 


A  small  strip  mine  has  been  opened  at  location  No.  844,  in  sec.  23, 
on  a  bed  of  lignite  1  foot  9  inches  thick,  which  occurs  at  a  still  lower 
horizon.  Only  a  small  amount  of  fuel  had  been  mined  previous  to 
August,  1911. 
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Beds  of  lignite,  either  thin  or  of  local  extent;  so  that  they  were  not 
correlated,  except  in  a  few  places,  are  exposed  at  various  localities 
in  the  township.    Sections  measured  on  these  beds  are  as  follows : 

8ediomo/ikmUffriiUehed$m  T.  19  N.,  R.  10  E. 

[Not  flhown  on  Fl.  XI  or  gfw^a  ^bove  In  toxt.) 


oi 


m 


m 


840 


841 


843 


843 


845 


BE.i 


8S.i 


SW«  \  no>  38.«. 


NB.  i  ne.  22... 


NW.iMe.ie. 


DB.  \  86C.  4  .  ■  I 


NW.i  860.23.. 


NW.iBee.2l.. 


8«etian. 


SoiL  Ft.  in. 

Li^ntto.. 1   e 

CQisley  Drown. 

Staftle.  brown. 

Licnlte 1   0 

ShslOyiNrown. 

Shsle,gny. 

Ligiita.. 1    4 

CQislOy  DTOwn. 

Shsle^bhiiah  yellow. 

Lignite 10 

Shale,  brown...  31 

Limlte 1    8 

fflMtey  Drown.  

Total  section.  2   Oi 

Total Ugntte..  2   0 

Shale.  Udit  brown. 

Ll^te 1   0 

Bbale,  carbonaoeous  6 

Shale,  Ugbt  brown. 

Total  section.  2   2 

Totallignite..  1   9 

Soil 2 

Shale 8 

Lignite. 1   9 

Interval 13 

Ll^te.. 8 

Shatoi  prowu.  ■ 

Total  section.  18   1 

Totallignite..  2   6 

Shale,  brown. 

Lisnlte 1   9 

Shale,Drown. 

Son 8   0 

Shale.brown. 9 

Ltmite. 1    4 

ShaWy  Mtywn.         — — 

Total  section.  5    1 

Totallignite..  1    4 


No. 

on 

Pin. 


846 


847 


848 


SiO 


850 
851 


853 


Location. 


MB.iBee.l4. 


SB.iBee.14.. 


MB.  i  Bee.  12... 


SE.i 


1... 


SW.i 
SW.i 


.  1. 
1.. 


N£.i8ec.l4. 


Section. 


FL  in. 
ffiiale,U8|it  brown* 

LJmite 1  10 

Shale,  dark  brown. 

Shale,brown,8BDdy . 

Lignite 110 

ShaWy  brown,  Ug- 
nltie. 

Shale,  brown. 

'Ugaitt 2  9 

Shale,    yellowish 
brown. 

Soil 3   0 

Licnlte 1    4 

Shale,  orown.         

Total  section.  4    4 

Totallignite..  1   4 

Clay. 

Lignite 2  6 

Sandstone 3   0 

Shale.brown 8 

Lignite 3 

Soale,  brown...  9 

Lignite 1 

Sandstone 3 

Shale,  brown...  6 

Sandstone 5 

Shale,  brown...  2 

Licnite 1    9 

Shale,  Drown.  

Total  section.  7   9 

Totallignite..  2   1 

Sandstone. 

Shale,  brown 8 

Limite 2   0 

Shale,  Drown.  

Total  section.  2   8 

Totallignite..  2  0 


Part  of  the  northeast  quarter  of  this  township  is  probably  underlain 
by  a  bed  of  lignite  that  crops  out  along  the  South  Fork  of  Grand 
River  in  sees.  26  and  35|  T.  20  N.,  R.  10  £.,  and  is  described  below. 

T.  M  v.,  &.  10  B. 

The  South  Fork  of  Grand  River  crosses  the  southern  part  of 
T.  20  N.y  R.  10  £.,  in  a  rather  broad  valley  along  which  are  several 
small  areas  of  sand  dunes.  Big  Nasty  Creek,  one  of  the  perennial 
streams  of  the  region,  enters  the  township  from  the  northwest  and 
flows  in  a  meandering  course,  joining  the  South  Fork  in  sec.  24. 
In  the  river  valley  and  in  the  valley  of  Big  Nasty  Creek  there  are 
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numerous  tracts  of  cultivated  land,  but  the  upland  area  is  rough 
and  grass  covered.    Rock  exposures  are  few. 

The  Ludlow  lignitic  member  of  the  Lance  formation,  dipping 
gently  eastward,  constitutes  the  surface  rock  of  nearly  the  entire 
township.  In  parts  of  sees.  1  and  2  the  surface  is  formed  by  rocks 
of  the  Cannonball  marine  member,  and  along  the  South  Fork  of 
Grand  River  there  is  a  narrow  area,  in  which  the  lower  part  of  the 
Lance  formation  is  exposed.  In  most  places,  however,  the  lower 
Lance  beds  are  covered  by  alluvium. 

The  lignite  bed  occurring  at  the  base  of  the  Ludlow  member 
is  the  only  one  which  has  attracted  attention  in  this  township.  In 
sees.  26  and  35  considerable  prospecting  has  been  done  and  some 
lignite  has  been  removed  by  the  farmers  living  in  the  vicinity.  The 
bed,  which  is  exposed  in  the  south  bank  of  the  river,  is  compara- 
tively uniform  in  thickness  and  contains  about  3  feet  10  inches  of 
good  lignite,  as  shown  by  sections  858,  859,  and  860,  Plate  XI. 
At  locations  861  (see  PL  X),  in  sec.  23,  near  the  mouth  of  Big  Nasty 
Creek,  a  bed  having  a  thickness  of  1  foot  10  inches  is  supposed  to 
be  the  same.  At  location  855,  in  sec.  32,  there  is  a  bed  1  foot  8 
inches  thick  at  the  base  of  the  Ludlow  lignitic  member  of  the  Lance, 
which  may  be  the  same  as  the  bed  described  above  or  it  may  be  a 
separate  lens.  To  the  east,  beyond  the  limits  of  the  township,  the 
bed  is  not  exposed,  but  in  sec.  28,  T.  20  N.,  R.  11  E.,  there  is  appar- 
ently another  lens  of  lignite  at  about  the  same  horizon. 

Several  thin  beds  in  the  Ludlow  member  are  exposed  at  different 
localities  in  the  township  and  are  represented  by  the  following  sec- 
tions. The  exact  correlation  of  the  beds  is  impossible  because  of 
the  grass-covered  surface  between  the  exposures: 

Sections  of  thin  ligniU  beds  in  T.  20  N.,  R.  10  E. 
[Not  shown  on  Pis.  X  and  XI.) 


No. 

on 

PLIL 

Looation. 

Section. 

No. 

on 

PLIL 

Location. 

Section. 

854 

856 
857 

SW.isec.36.. 
NW.  i  sec.  29 . 
SE.  isec.  19... 

Ft.  in. 
Shale,  brown. 

lilgnlte 2     1 

Shale,black. 

Shale,  brown. 

Liffnlte 2     1 

Shale,brown. 

Clay. 

Lignite,  poor...    1     4 
Shale,  brown. 

862 
863 

864 

SW.  i9ec.2... 
NW.j8ec.2.. 

NW.  isec.2.. 

Ft.  in. 
Lignite 2     2 

Shale,  gray. 

Ll^te 2     2 

Shale,  brown. 

Shale,  sandy. 

Lignite 2     i 

Shale. 

T.  21  v..  &.  10  X. 


The  divide  between  the  North  and  South  forks  of  Grand  River, 
consisting  of  a  nearly  flat  plateau,  crosses  the  northeastern  part  of 
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T.  21  N.,  R.  10  E.;  and  is  separated  by  a  series  of  steep  scarps  from 
the  lower  country  in  the  southern  part. 

The  rocks  that  outcrop  in  the  township  belong  to  the  Fort  Union 
formation  and  to  the  Ludlow  lignitic  and  Cannonball  marine  mem- 
bers of  the  Lance  formation.  About  150  feet  of  the  lower  part  of  the 
Fort  Union  crops  out  in  the  northeastern  part  of  the  township.  With 
the  exception  of  the  upper  30  or  40  feet  on  Flat  Top  Butte,  in  sec.  10, 
these  rocks  are  concealed  by  the  mantle  of  soil.  The  topography 
and  the  character  of  the  soil,  however,  indicate  that  sandstone  is 
the  principal  rock.  The  Lance  formation  is  represented  along  the 
south  side  of  the  plateau  by  about  250  feet  of  sandstone  and  shale, 
but  the  rocks  are  so  deeply  covered  by  soil  that  no  definite  concep- 
tion of  them  could  be  obtained.  It  is  probable  that  the  upper 
25  to  50  feet  of  this  formation  belongs  to  the  Cannonball  marine 
member  and  the  remainder  to  the  Ludlow  lignitic  member. 

Lignite  beds  belonging  to  the  Ludlow  n^ember  and  reaching  a 
maximum  thickness  of  2  feet  10  inches  are  exposed  in  sees.  30,  33, 
and  34.  Lignite  near  the  top  of  the  Ludlow  member  was  also  said 
to  have  been  found  in  two  wells  in  sec.  17.  The  sections  of  the  beds 
at  these  places  are  as  follows: 

SeeUons  of  Ugnite  beds  in  the  Ludlow  lignitic  member  of  the  Lance  formation  in  T,  21 

N,,R,10E. 

LocmUon  868.  SE.  \  sec.  80. 

Shale,  gray.  Ft.  in. 

Shale,  carbonaceous,  grading  into 
bone  and  thin  streaks  of  lignite.  1      3 
Lignite 7 


S4. 


LocalteD  M6.  8W.  i 

Shale,  gray.  Ft.  in. 

Lignite,  low  grade 2      4 

Shale,  brown. 

LocalteD  866.  NW.  i  sec  SS. 

Shale,  light  brown,  fissUe. 

Lignite,  weathered 2      6 

Lignite,  low  grade 4 

Shale,  light  brown.  

Totallignite 2    10 

LocalteD  867.  SE. }  sec  SO. 

Shale,  gray. 

Shale,  carbonaceous,  with    thin 

lenses  of  lignite 2  10 

Shale,  light  brown. \ 

Lignite 6 

Shale,  light  brown.  

Total  section 3  4} 

Totallignite 6 


Shale,  light  brown. 

Lignite 

Shale. 


6i 


Total  section 2 

Totallignite 1 

LodUkMi  869.  8E.  \  sec  17. 

Well  reported  to  have  passed 
throtigh  about  5  feet  of  weath- 
ered lignite  at  a  depth  of  30  feet. 

Location  870.  BE.  1  oec  17. 

Well  reported  to  have  passed 
through  2  feet  of  weathered  lig- 
nite at  a  depth  of  30  feet. 


5 


The  outcrops  could  be  traced  for  only  short  distances,  and  the  beds 
recorded  above  could  not  be  definitely  correlated. 

A  bed  of  lignite  in  the  Fort  Union  crops  out  near  the  top  of  Flat 
Top  Butte,  in  sec.  10,  and  is  correlated  with  the  valuable  bed  near 
Lodgepole,  in  T.  21  N.,  R.  12  E.    At  the  only  place  suitable  for 
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examination  (location  871)  the  bed  is  2  feet  2  inches  thick  but  con- 
siderably burned.  Abput  20  feet  below  the  lignite  there  is  a  per- 
sistent layer  of  very  hard  quartzitic  rock,  renmants  of  which  lie 
scattered  over  the  tops  of  numerous  hiUs  in  this  and  adjoining  town- 
ships. 

T.  tS  v.,  &.  10  M, 

The  surface  of  T.  22  N.,  R.  10  E.,  is  a  broad,  nearly  flat  plateau 
which  has  been  to  some  extent  dissected  by  Horse  Creek  and  its 
tributaries.  The  land  in  the  valleys  is  imderlain  by  the  Ludlow 
lignitic  member  and  Cannonball  marine  members  of  the  Lance  forma- 
tion, and  the  plateau  surface  by  the  lower  part  of  the  Fort  Union 
formation.  The  mantle  of  soil  is  heavy,  and  at  only  a  few  places  is 
it  possible  to  find  natural  rock  exposures. 

A  thin  bed  of  lignite  in  the  Ludlow  lignitic  member  crops  out  in  the 
valley  of  Horse  Creek  but  is  concealed  except  at  three  places,  in  sees. 
1,  2,  and  23  (locations  874  873,  and  872,  respectively),  at  each  of 
which  some  prospecting  has  been  done  and  lignite  has  been  removed 
for  local  use.  The  average  thickness  of  the  bed  is  less  than  2^  feet. 
The  sections  measured  at  these  places  are  as  follows: 

Sections  of  a  ligniU  bed  in  the  Ludlow  lignitic  member  of  the  Lcmce  formation  in  proa- 

pectpiUinT,  22  N.,  R.  10  E, 

Locmtlon  872.  NE.  i  mc  2S.  Lpcutlon  874.  SB.  i  sec  1. 

Shale,  bluish  gray,  sandy.  Ft.  In.     Shale,  brown.  Ft.  in. 

Lignite,  woody  texture 2      8  Lignite 2      0 

Clay.  Bed  covered  with  \eater. 

Locmtioii  87S.  NB.  i  mc  2. 

Shale. 

Lignite 1    10 

Bottom  of  bed  covered  with  water. 

A  lignite  bed  outcrops  in  the  valley  of  a  small  stream  in  sec.  5, 
where  it  is  less  than  2  feet  thick  and  was  not  mapped.  The  bed  was 
reported  to  be  2  feet  9  inches  thick  in  a  well  at  location  875,  in  the 
NW.  \  sec.  8,  and  it  was  said  that  in  a  deeper  well  in  sec.  10  two 
lignite  beds  were  penetrated;  the  upper  one  2  feet  6  inches  thick  and 
the  lower  one  6  feet  6  inches  thick. 

No  lignite  could  be  found  in  the  Fort  Union  formation  in  this 
township. 

T.  tt  v.,  &.  10  E. 

The  greater  part  of  T.  23  N.,  R.  10  E.,  is  occupied  by  the  broad 
valley  of  the  North  Fork  of  Grand  River,  which  flows  from  west  to 
east.  Between  the  valley  and  the  extensive  uplands  to  the  north 
and  south  is  a  series  of  steep  scarps  separated  by  nearly  level  benches. 
The  upland  is  underlain  by  the  lower  sandstone  of  the  Fort  Union 
formation,  and  the  rocks  that  crop  out  in  the  valley  belong  to  the 
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Ludlow  lignitic  and  Cannonball  marine  members  of  the  Lance  forma- 
tion, which  are  fairly  well  exposed  at  a  few  points  along  the  river 
bluffs. 

A  thin  bed  of  lignite  in  the  Ludlow  member  crops  out  on  the 
south  side  of  the  river  and  is  well  exposed  in  the  river  bluffs  in  the 
western  half  of  the  township.  West  of  sec.  28  it  is  less  than  2  feet 
thick  and  was  not  mapped.  In  sec.  28,  however,  it  reaches  a  thick- 
ness of  3  feet  3  inches  with  a  3-inch  parting  1  foot  from  the  top  (sec- 
tion 878,  PI.  X) .  East  of  that  place  the  bed  was  found  only  at  loca- 
tion 877,  on  the  east  line  of  sec.  36,  where  it  is  1  foot  5  inches  thick. 

T.  18  v.,  &.  11  B. 

Several  small  areas  of  badlands  are  found  along  the  stream  courses 
in  T.  16  N.,  R.  11  E.,  although  a  large  part  of  the  land  is  rolling  and 
partly  grass-covered .  The  soil,  which  is  the  result  of  the  disintegration 
of  the  argillaceous  shale  of  the  Lance  formation,  is  not  especially  fer- 
tile,  hence  farming  has  been  attempted  at  only  a  few  localities.  The 
low  divide  between  Antelope  Creek  on  the  south  and  Rabbit  Creek  on 
the  north  extends  across  the  center  of  the  township. 

No  lignite  beds  of  value  are  exposed  in  this  township,  and  although 
the  bedrock  is  largely  obscured  by  soil,  there  is  Uttle  possibiUty  that 
good  Ugnite  beds  will  be  found  beneath  the  surface,  because  the  Lance 
formation  contains  only  thin  beds  of  Ugnite  in  this  part  of  the  field. 

T.  17  v.,  &.  11  s. 

North  of  Rabbit  Creek,  in  the  western  part  of  T.  17  N.,  R.  11  E., 
the  surface  rises  rapidly,  culminating  in  sees.  7  and  8  in  a  narrow 
ridge,  the  top  of  which  is  about  250  feet  above  the  level  of  the  creek. 
To  the  south,  however,  except  where  cut  by  small  streams,  the  surface 
is  a  rolling  prairie.  Rabbit  Creek  occupies  a  rather  narrow,  ^leander- 
ing  channel  cut  several  feet  below  the  average  valley  level.  Except 
along  the  north  bank  of  Rabbit  Creek  there  are  very  few  rock  expo- 
sures, the  character  and  attitude  of  the  underlying  formations  being 
obscured  by  a  heavy  mantle  of  soil.  Numerous  small  farms  are 
located  in  the  broad,  open  valley  that  extends  northward  from  Rab- 
bit Creek  through  the  center  of  the  township. 

The  lower  part  of  the  Lance  formation  is  exposed  in  the  southern 
two-thirds  of  the  township,  along  the  valley  of  Rabbit  Creek,  and 
contains  thin  beds  of  lignite  near  the  top.  The  Ludlow  lignitic  mem- 
ber outcrops  in  the  ridges  north  of  Rabbit  Creek,  where  it  contains 
one  economically  important  bed  of  hgnite  about  100  feet  above  the 
base.  There  are  numerous  more  or  less  resistant  sandstone  beds  in 
it  which  give  rise  to  the  rugged  ridges  north  of  the  main  stream.  All 
the  strata  dip  very  gently  north. 
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One  of  the  lignite  beds  near  the  top  of  the  lower  part  of  the  Lance 
has  been  worked  for  several  years  at  location  879,  in  sec.  7,  at  the 
Phillips  mine,  which  in  1911  consisted  of  four  drift  entries  from  each 
of  which  rooms  had  been  turned.  From  one  of  these  entries,  200 
feet  long,  lignite  had  been  removed  recently,  but  the  others  had  been 
idle  for  more  than  a  year.  The  bed  in  the  mine  ranges  in  thickness 
from  1  foot  9  inches  to  2  feet  5  inches  and  has  an  excellent  shale  roof 
and  floor.  Practically  no  props  have  been  necessary  to  keep  the 
mine  in  good  condition,  except  where  part  of  the  roof  has  been 
removed  along  the  entries.  The  fresh  Ugnite  is  hard  and  black,  has 
cleavage  planes  fairly  well  developed,  and  shows  little  of  the  woody 
structure  so  prominent  in  most  of  the  lignite  of  this  region,  thus 
suggesting  that  it  should  perhaps  be  classed  as  subbituminous,  like 
the  coal  of  near-by  fields  in  eastern  Wyoming  and  Montana.  It  is 
rather  significant,  however,  that  although  differing  markedly  in  phys- 
ical properties,  the  lignite  from  this  mine  has  almost  the  same  chem- 
ical composition  as  that  mined  at  the  Jones  mine,  in  T.  19  N.,  R. 
10  E.,  and  described  on  page  128.  A  sample  of  the  lignite  was  taken 
from  a  room  near  the  end  of  the  longest  entry  in  the  Phillips  mine, 
and  the  analysis  of  it  (No.  12488)  is  given  in  the  table  on  page  42. 

In  several  small  areas  east  of  the  Phillips  mine  the  Ugnite  has  been 
burned,  and  the  resulting  red  soil  and  rock  indicate  the  former  posi- 
tion of  the  bed.  A  bed  supposed  to  be  the  same  is  exposed  at  location 
881,  on  the  east  side  of  a  small  valley  in  sec.  17,  and  contains  3  feet  9 
inches  of  lignite.  Beyond  this  place  to  the  east  the  bed  could  not  be 
found.  Other  beds  of  lignite  of  lesser  value  occur  near  the  top  of  the 
lower  part  of  the  Lance.  The  sections  obtained  at  locations  879,  880, 
and  881  are  shown  in  Plate  XI.  Others  in  sees.  16  and  17  are  as 
follows: 

Sectums  of  lignite  beds  in  the  lower  pari  of  the  Lance  formaiion^  in  T,  17  N. ,  R.  11  B.  ' 

[In  addition  to  those  shown  on  PI.  XI.] 


No. 

on  PI. 
II. 

Location. 

Section. 

• 

No. 

on  PI. 

11. 

Location. 

Section. 

882 

SW.isec.  17.. 

FUn. 
Bhale,  brown. 

Lljpiite 1     0 

Shale  brown. 

883 

NE.isec.  16.. 

Ft.in, 
Shale,  brown,  sandy. 

LImite 1      4 

Shale,  brown. 

The  thickest  bed  of  lignite  exposed  in  this  township  occurs  in  the 
Ludlow  lignitic  member  of  the  Lance  and  outcrops  well  up  in  the 
ridge  north  of  Rabbit  Creek.  No  mines  have  been  opened  on  the  bed, 
although  it  contains  3  feet  8  inches  of  clean  lignite  at  location  884  and 
3  feet  10  inches  at  location  885. 


T.  19  N.,  R.  11   E.  135 

T.  U  v.,  &.  11  B. 

T.  18  N.,  R.  11  E.,  lies  within  the  typical  meadow  area  of  Perkins 
County  and  the  surface  is  generally  flat  and  is  grass-covered  except 
where  it  is  cultivated.  The  soil  is  the  result  of  the  disint^ration  of 
the  sandy  shale  and  soft  sandstone  of  the  Ludlow  lignitic  member 
of  the  Lance,  and  is  fertile  and  well  adapted  to  the  raising  of  small 
grains,  potatoes,  etc.  .Only  a  very  few  tracts  still  remain  unappro- 
priated by  the  farmer.  Strool,  one  of  the  thriving  business  towns 
of  Perkins  Ck>unty,  is  in  sec.  19.  In  sees.  26  and  27  there  is  a  promi- 
nent ridge  covered  with  brown  quartzite  bowlders,  some  of  them 
several  feet  in  diameter,  which  may  belong  to  the  White  River 
formation. 

Lignite  has  been  mined  for  local  use  at  the  Shear  ranch  Gocation 
887),  in  sec.  26,  where  there  is  reported  to  be  about  3  feet  of  lignite. 
In  August,  1911,  the  pit  was  filled  with  water,  so  that  only  2  feet  of 
lignite  was  exposed.  Thin  beds  of  lignite  are  reported  to  have  been 
found  in  a  few  wells  in  this  vicinity,  but  none  of  economic  importance 
are  known. 

T.  U  v.,  &.  11  s. 

The  surface  of  T.  19  '^.,  R.  11  E.,  shows  a  difference  in  altitude  of 
at  least  300  feet  between  the  level  of  the  valley  on  the  north  and 
the  high  bench  land  in  the  southern  portion.  Numerous  small  streams 
flowing  northward  into  the  South  Fork  of  Grand  River  dissect  the 
surface  so  that  most  of  it  is  too  rough  to  be  used  for  farming.  The 
surface  rocks,  which  are  fairly  well  exposed,  belong  to  the  Ludlow 
lignitic  member  of  the  Lance  and  dip  slightly  northeastward. 

Two  beds  of  lignite,  on  each  of  which  one  small  mine  has  been 
opened,  attain  a  thickness  of  more  than  2  feet  10  inches.  The  upper 
bed,  represented  by  sections  888  to  892,  reaches  a  thickness  of  nearly 
8  feet  at  the  mine  at  location  890,  in  sec.  19.  Considerable  Ugnite 
has  been  removed  from  this  mine  by  stripping  the  overburden,  but  in 
future  development  it  will  be  necessary  to  drift  because  of  the  thick 
mantle  of  rock  and  soil  which  overlies  the  bed.  As  will  be  seen  by 
referring  to  the  sections  on  Plate  XI,  this  bed  varies  considerably  in 
thickness,  but  at  a  number  of  places  it  is  thick  enough  to  be  profit- 
ably mined. 

Approximately  65  feet  lower  in  the  section  the  bed  that  is  mined 
at  the  Jones  mine,  in  the  township  to  the  west,  is  represented  by 
sections  894  to  898,  Plate  XI.  At  the  time  of  examination  in  1911 
the  mine  at  location  894,  in  sec.  20,  consisted  of  one  drift  entry  more 
than  50  feet  long  which  was  badly  caved  and  inaccessible.  The  bed 
is  4  feet  7  inches  thick  at  the  mouth  of  the  entry.  The  amount  of 
lignite  removed  is  not  known,  but  evidently  it  is  considerable.  Al- 
though exposed  at  several  other  locaUties  in  the  township  the  bed 
is  not  thick  enough  to  be  of  value  except  at  the  abandoned  mine. 
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In  addition  to  the  two  beds  mentioned,  several  thin  beds  are  ex- 
posed at  several  localities  and  a  number  of  sections  were  measured. 
All  the  lignite  sections  obtained  in  the  township  are  shown  graphically 
on  Plate  XI  or  are  presented  in  the  following  table : 

Sections  of  lignite  beds  in  T.  19  N,,  R,  11  E, 
(In  addition  to  thoae  shown  on  PI.  XI.] 


No. 
on 
PI. 

n. 


992 


893 


808 


900 


901 


Location. 


BW.iBac.27. 


NE.iMC.27. 


NW.  i960. 21. 


NW.  i  MC.  17. 


8W.  i  MC.  17. 


SW.  i  sec.  8. 


Section. 


Ft.  in, 
SoU. 

Llcnlte 1     4 

Sfaale,Drown. 

Bbale,  brown. 

Llmite 2     9 

Shale,  Dronn. 

Top  not  exposed. 

Lisnite 1     8 

Shale,Drown. 

Shale,  brown. 

Lipiite 11 

Shale,  brown...  2 

Lignite 1     1 

Shale 3 

Lignite 1     3 

Total  section.  6     5 

Total  lignite..  3     3 

Sou 8 

Shale,  brown 8 

Lignite 2     4 

Interval 10     6 

Limite 1     4 

Shale,brown.  

Total  section.  22   10 

Total  lignite..  3     8 

Shale,  brown. 

Lignite 9 

Shale,  brown...  4 

Lignite 6 

ShaIe,Drown 2     0 

Limite 1     7 

Shale,  Drown.  

Total  section.  4     2 

ToUl lignite..  2    10 


No. 
on 
PI. 
IL 


902 


903 


904 


905 


906 


Location. 


SE.^sec.  7.., 


NE.isec.8. 


SE.isec.S., 


NE.isec  5.., 


SE.isec.l. 


Section. 


Ft.  in. 

Shale,  brown. 

Lignite 7 

Shale,  brown..  2) 

Lignite 10 

Shale,  brown..  34 

Lignite 10 

Shale,brown..  1     6 

Limite 2     6 

Shale,  Drown.  

Total  section  6     9 

Totallignlte.  4     9 

Shale,  brown. 

Lignite 2     6 

Shale,Drown. 

Soil. 

Shale,  brown 8 

Limite 1     6 

Shale,  orown. 

Total  section  2     2 

Totallignlte.  1     6 

Shale,  brown. 

Limite 2     8 

Shale,brown. 

Soil. 

Limite 2     3 

Bhale,Drown. 


T.  M  v.,  &.  11  B. 

The  southern  part  of  T.  20  N.,  R.  11  E.,  is  occupied  by  the  broad 
valley  of  the  South  Fork  of  Grand  River.  South  of  the  river  the 
slopes  are  somewhat  abrupt  and  the.  land  is  deeply  dissected  by 
small  valleys;  so  that  the  rocks  are  fairly  well  exposed.  North  of 
the  river  the  slopes  are  not  nearly  so  steep,  and  good  exposures  can 
be  foimd  at  only  a  few  points. 

The  Cannonball  marine  member  of  the  Lance  formation  crops  out 
in  the  northern  part  of  the  township,  and  the  Ludlow  lignitic  mem- 
ber of  the  Lance,  about  300  feet  in  thickness,  crops  out  in  the  valley 
slopes  both  north  and  south  of  the  river.  About  20  or  30  feet  of  the 
lower  part  of  the  Lance  appears  above  the  river  level.    The  Ludlow 
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lignitic  member,  which  is  the  surface  rock  over  most  of  the  township, 
oonsists  of  alternating  beds  of  yellow  sandstone,  brown  shale,  and 
lignite.  The  sandstone  in  most  places  is  unconsolidated  and  makes 
up  nearly  half  of  the  total  thickness. 

Lignite  beds  are  ntmierous,  particularly  in  the  lower  part  of  the 
Ludlow  member,  but  are  everywhere  thin  and  lenticular.  In  the 
river  bluff  at  location  907,  in  the  NE.  \  sec.  28,  five  lignite  beds  are 
exposed  in  the  lower  50  feet  of  the  member.  Some  lignite  has  been 
removed  for  local  use  from  the  thickest  of  these  beds.  On  the  other 
side  of  the  river,  at  location  908,  in  the  NW.  \  sec.  22,  a  still  higher 
bed  has  been  prospected  and  a  considerable  amount  of  lignite  re- 
moved. The  same  bed  was  ex;amined  at  location  909,  in  the  NE.  I 
sec.  22,  and  at  location  910,  in  the  SE.  \  sec.  13,  and  another  still 
higher  bed  at  location  911,  in  the  NE.  }  sec.  13.  Tbe  sections  meas- 
ured at  these  places  are  given  below.  The  same  beds  were  exam- 
ined at  other  points  in  the  township  but  were  not  mapped. 

Seetiona  of  lignite  beds  in  Ludlow  lignitic  member  of  Lance  formation  in  T.  20  N., 

R.  11  E. 


LocatlMi  907.  NE.  i  sec.  28. 

Shale,  light  brown.  Ft.  in. 

Ugnite 10 

Shale,  light  brown 1      2 

Lignite 7i 

Shale,  aandy 1      0 

lignite 7 

Shale,  brown  and  gray 3      3 

Lignite 8i 

Shale,  brown 1      1 

Lignite 1      7 

Shale,  brown 10 

Shale,  mudfltone,  blue 3      4 

Lignite 2      3} 

Shale  and  sandstone 29     0 

Lignite 41 

Shale 3      0 

Lignite 5 

Shale. 


50 

K.  NW.  i  aec.  22. 

Shale,  brown. 

Lignite 2 

Shale,  brown. 


Locmtioii  909.  NE.  1  we.  22. 

Shale,  brown,  sandy.                     Ft.  in. 

Lignite 1  6 

Shale i 

Lignite 1  0 

Shale.  

Totalsection 2  6i 

Totallignite 2  6 

Loeatkm  910.  SE.  \  mc.  IS. 

Shale,  brown. 

Lignite 9 

Shale,  carbonaceous 1 

Lignite 1  4 

Shale.  


Total  section 2 

Totallignite 2 

Loaiaon  911.  NE.  i  mc.  IS. 

Shale. 

Lignite 2 

Shale. 


2 
1 


T.  tl  v.,  &.  11  B. 


The  surface  of  T.  21  N.,  R.  11  E.,  is  a  high  plateau  dissected  by- 
numerous  streams.  The  divide  between  the  North  and  South  forks 
of  Grand  River,  forming  a  broad  upland  prairie,  crosses  the  northern 
part  of  the  township.  To  the  south  a  series  of  steep  scarps  separate 
the  upland  from  the  wide  valley  of  Duck  Creek. 
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Tbe  Ladlov  lignhie  monber  of  the  Limce  formatioii  oatcrops  in 
the  rwlBeys  to  the  sooth  bat  is  tctt  poorif  exposed.  lignite  beds 
in  this  monber  were  f oond  at  a  tew  pcnnts  but  mre  too  thin  to  war- 
rmi  nu^iiHng.  Above  the  Lodknr  nmnbcr  and  sqwimtii^  it  from 
the  Fort  Union  formation  is  the  Cannonball  marine  member  of  the 
Lanee,  whidi  does  not  contain  any  beds  at  Ignite.  About  150  feet 
of  the  loirer  part  of  the  Fort  Union  formation  ootciops  in  the  higher 
p«t  of  the  township.  Yellow  sandstone  is  the  most  prraninent 
foek  in  this  part  of  the  formatkm  and  onterops  on  the  steep  sides  of 
the  bilk,  hot  there  is  abo  a  considerable  amoont  of  shale,  concealed 
for  the  most  part  by  the  mantle  of  sofl  cm  the  smoother  slopes. 

The  lignite  bed  that  is  mined  near  Lodgepole,  in  T.  21  N.,  R.  12  E., 
mideiiies  the  top  of  a  high  bntte  in  sees.  9  and  10  of  tiiis  township. 
At  the  east  end  of  the  bntte  Qoeation  914,  see  PL  X)  it  has  been 
prospected  to  some  ext^it.  It  is  6  feet  thick,  bnt  as  it  is  under  only 
a  few  feet  of  cover  it  is  weathered  and  the  top  part  is  mixed  with 
sand.  At  the  west  end  of  the  bntte  (location  913)  the  bed  is  under 
a  better  cover,  bnt  ie  thinner  and  contains  partings  of  bone.  The 
same  bed  is  exposed  in  a  butte  at  location  912,  in  the  SE.  {  sec.  18, 
where  it  is  much  thinner.  The  sections  exposed  at  these  places  are 
shown  graphicaUy  on  Plate  X.  A  few  feet  below  the  lignite  bed 
is  a  petsistent  bed  of  very  hard  quartzitic  rock,  the  residual  blocks  of 
which  are  thickly  scattered  over  many  of  the  higher  buttes  in  this 
and  adjoining  townships.  This  bed  is  well  exposed  below  the  lignite 
bed  at  location  912,  in  sec.  18. 

T.  a  v^  B.  u  s. 

Hie  surface  of  T.  22  N.,  R.  11  E.,  is  an  irrc^arly  rolling  prairie, 
sloping  gradually  upward  from  the  valley  of  the  North  Fork  of 
Grand  River,  in  the  northern  part  of  the  township,  to  the  plateau 
about  the  head  of  Lodgepole  Creek,  in  the  southeast  comer.  The 
outcropping  rocks  belong  to  the  Ludlow  lignitic  and  Cannonball 
marine  members  of  the  Liance  formation  and  the  lower  part  of  the 
Fort  Union  formation.  The  two  members  of  the  Lance  occupy  the 
lower  land  in  the  northern  part  of  the  township  and  are  concealed 
by  the  mantle  of  soil  except  at  a  few  places.  The  contact  of  these 
two  members  and  that  between  the  Cannonball  member  and  the 
Fort  Union  formation  are  effectually  obscured,  and  the  mapping  is 
based  on  topographic  data. 

Lignite  in  the  Ludlow  member  of  the  Lance  is  exposed  at  locations 
918  and  917,  in  sees.  4  and  7,  and  is  said  to  have  been  found  in  a  well 
at  location  916,  in  sec.  18.  The  beds  at  these  localities  are  presumably 
at  about  the  same  horizon.  The  sections  measured  or  reported  at 
these  places  are  as  follows: 
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SecUofu  of  lignite  beds  in  the  Ludlow  lignitic  member  of  the  Lance  formation  in 

T,  t2  N.,  R,  11  E. 


LocalteD  91S.  NE.  \ 


18. 


Ft. 


in. 
0 


Locatfon  918.  SB.  \  Me.  4. 

Shale.                                            Ft.  in. 

Sanditone,  clayey 3  6 

Lignite 1  8 

Bottom  of  bed  under  water. 


Lignite  (reported  in  a  well) 2 

LacatfaB  917.  8W.  i  mc  7. 

Lignite,  burned. 

Shale,  gray,  sandy 9     0 

Lignite 6 

No  lignite  beds  were  found  in  the  lower  150  feet  of  the  Fort  Union, 
which  consists  chiefly  of  loosely  cemented  sandstone,  but  three  small 
buttes  in  sec.  36  are  underlain  by  the  same  bed  that  is  being  mined 
in  the  higher  buttes  near  Lodgepole  in  T.  21  N.,  R.  12  E.  In  the 
western  part  of  these  buttes  location  915)  the  bed  has  a  thickness 
of  5  feet  4  inches,  with  1  inch  of  shale  1  foot  2  inches  above  the  base, 
and  is  overlain  by  about  15  feet  of  sandstone  and  shale. 

T.  tt  V*.  &.  11  B. 

The  greater  part  of  T.  23  N.,  R.  11  E.,  is  occupied  by  the  broad 
valley  of  the  North  Fork  of  Grand  River,  which  flows  eastward 
across  the  southern  part  of  the  township.  The  valley  is  separated  by 
steep  bluffs  from  the  upland  areas  that  extend  northward  from  the 
State  line  at  the  north  side  of  the  township. 

Fairly  good  sections  of  a  part  of  the  Ludlow  lignitic  member  of 
the  Lance  formation  are  exposed  in  the  bluffs  of  the  river,  but  in 
the  greater  part  of  the  township  the  underlying  rocks  are  concealed 
by  the  mantle  of  soil.  The  Ludlow  member  is  overlain  by  the 
Cannonball  marine  member  of  the  Lance,  and  this  in  turn  by  the  Fort 
Union  formation,  which  outcrops  in  the  steep  hills  in  the  northern 
part  of  the  township  and  underUes  the  plateau  farther  north. 

A  thin  bed  of  lignite  in  the  Ludlow  member  of  the  Lance  was 
examined  at  four  places  on  the  south  side  of  the  river,  where  it  shows 
a  range  in  thicknesss  from  9  inches  to  1  foot  5  inches.  The  sections 
are  as  follows: 

Sections  of  a  liffniU  bed  in  T.  23  N.y  R,  11  E. 

Location  921.  SW.  i  oec.  S4. 


LoMtlon  919.  SW.  i  sec  91. 

Shale,  light  bro¥m,  sandy. 

Lignite '. 

Shale,  brown,  sandy. 


Location  920.  SK.  \ 

Shale. 

Lignite,  poor 

Shale. 


S2. 


9 


Ft.  in. 

Lignite 10 

Lodrtion  922.  SB.  ^  mc  S4. 

Lignite 1  5 
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T.  IC  v..  B.  It  B. 

North  of  Antelope  Creek,  which  crosses  the  southern  part  of  T. 
16  N.y  R.  12  E.,  in  a  meandering  course,  the  surface  rises  gradually  to 
the  rather  prominent  divide  near  the  northern  part  of  the  township. 
The  underlying  rocks  are  largely  obscured  by  soil,  which  has  been 
formed  by  the  disintegration  of  the  soft  clay  shale  of  the  Lance  forma- 
tion. The  crest  of  the  divide,  in  sees.  11  and  12,  is  capped  by  a 
few  feet  of  the  Ludlow  lignitic  member  of  the  Lance.  On  account 
of  the  poor  soil  little  or  no  attempt  has  been  made  to  cultivate  the  land. 
No  lignite  bed  of  any  value  is  known  to  outcrop  in  the  township. 

T.  17  v.,  B.  It  B. 

Rabbit  Creek  crosses  T.  17  N.,  R.  12  E.,  near  its  southern  border 
in  a  deeply  intrenched  meandering  channel,  and  receives  all  the 
drainage  of  the  township.  The  surface  is  gently  undulating  and  for 
the  most  part  grass-covered,  although  there  are  numerous  small  areas 
of  almost  barren  land  along  the  valleys.  The  srn^ey  for  a  branch 
of  the  Chicago,  Milwaukee  &  St.  Paul  Railway  passes  through  the 
town  of  Daviston,  in  sec.  9. 

The  Lance  formation  underlies  the  whole  area,  the  Ludlow  lignitic 
member  ocoupying  the  highlands  in  the  northern  part.  The  soil 
produced  by  the  disintegration  of  the  soft  clay  shale  of  the  lower 
part  of  the  Lance  is  not  especially  fertile,  and  there  are  many  small 
areas  which  are  destitute  of  vegetation  and  unattractive  to  the 
fanner.  Rock  exposures  are  very  scarce,  but  from  such  data  as 
could  be  obtained  it  is  assumed  that  the  formations  dip  northward 
about  20  feet  to  the  mile. 

At  the  base  of  the  Ludlow  lignitic  member  of  the  Lance  formation 
there  is  a  bed  of  lignite  which  is  being  mined  at  the  Graff  mine,  in 
sec.  11,  and  the  Rogers  and  Sexton  mines,  in  the  township  to  the 
east.  The  Graff  mine  (location  925)  was  opened  in  1910  and  con- 
sists of  an  open  strip  pit,  from  which  several  loads  of  lignite  had  been 
sold  to  the  farmers.  The  bed,  as  indicated  by  section  925  on  Plate 
XI,  is  composed  of  two  benches  of  Ugnite  separated  by  a  shale  parting 

I  foot  2  inches  thick,  and  it  is  overlain  by  a  cross-bedded  sandy 
shale.  The  lignite  bed  is  irregular  in  thickness,  and  measurements 
in  the  workings  of  the  mine  show  the  upper  bench  to  vary  from  6  to 

II  inches  within  a  distance  of  about  20  yards.  At  location  926,  in 
sec.  24,  a  bed  occurring  at  the  base  of  the  Ludlow  lignitic  member  is 
composed  of  five  thin  benches  of  lignite  separated  by  shale  partings 
1  inch  to  9  inches  thick.  The  lowest  and  thickest  bench  contains  2 
feet  2  inches  of  good  lignite. 

Two  other  sections  of  unimportant  lignite  beds  were  measured  in 
the  township  as  follows: 


Locatioa  923.  NB.  i  aec  8. 

Ft.  in. 

Shale,  blue 1 

Lignite 6 

Shale,  brown.  

Total  section 1        6 

Total  lignite 6 
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Sections  o/ligniU  hedsmT.17N,,  R.  It  E, 
[In  addition  to  those  shown  on  PI.  XI.} 

LMirtioB  924.  NE.  \  see.  9. 

Sandstone,  soft,  yellow.  Ft.   in. 


Lignite 1        2 

Shale,  brown 2 

Lignite 4 

Shale,  brown.  

Total  section 1       8 

Total  lignite 1        6 


T.  18  v.,  B.  12  E. 

The  surface  of  T.  18  N.,  R.  12  E.,  lies  in  the  gently  undulating 
prairie  of  the  Big  Meadow,  and  exposures  of  rook  are  scarce.  Thunder 
Butte  Creek  crosses  the  meadow  from  west  to  east  in  the  northern 
part  of  the  township  and  occupies  a  very  wide,  flat  valley,  below  the 
level  of  which  its  meandering  channel  has  been  cut  only  slightly. 

A  small  area  of  the  White  River  formation  is  present  on  the  top 
of  the  hill  in  sec.  21.  Ellsewhere  the  Ludlow  lignitic  member  of  the 
Lance  formation  constitutes  the  surface  rock.  To  judge  from  the 
few  exposures  along  the  creeks,  the  rocks  dip  a  little  east  of  north 
at  about  18  feet  to  the  mile. 

At  location  927,  in  sec.  32,  a  bed  of  lignite  reported  to  be  3  feet 
thick  has  been  mined  by  stripping.  No  accurate  measurements  of 
the  bed  could  be  made,  for  when  visited  it  was  covered  by  water. 

T.  19  v..  B.  12  E. 

The  surface  of  T.  19  N.,  R.  12  E.,  is  rough,  being  in  the  area  north 
of  the  Big  Meadow  known  locally  as  The  Breaks.  Between  the  high 
meadow  in  sees.  30,  31,  and  32  and  the  valley  of  the  South  Fork  of 
Grand  River  in  sees.  1  and  2  there  is  a  difference  in  altitude  of  nearly 
300  feet.  Several  rather  deep,  steep-sided  valleys  cross  the  towur 
ship  and  carry  the  run-off  to  Grand  River.  Exposures  of  rock  are 
fairly  good,  although  the  area  is  generally  grass-covered. 

The  Lance  formation  is  the  surface  rock,  the  lower  part  of  the 
formation  being  exposed  in  a  narrow  area  along  the  South  Fork  of 
Grand  River  and  the  Ludlow  lignitic  member  imderlying  all  the 
Wgher  land.  The  rocks  dip  toward  the  northeast  at  about  14  feet 
to  the  mile. 

Several  lenticular  beds  of  lignite  in  the  Ludlow  lignitic  member  of 
Ae  Lance  formation  outcrop  in  the  township,  but  only  one  is  of  suffi- 
cient thickness  to  be  considered  commercially  important.  This  bed 
is  exposed  in  sees.  18  and  19  and  is  thought  to  be  the  same  as  the  one 
Bained  at  location  820  in  the  township  to  the  west.  Sections  828  and 
^29  (PL  XI)  show  a  thickness  of  3  feet  3  inches  and  3  feet,  respec- 
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tively.  Thin  beds  of  lignite  outcrop  in  other  parts  of  the  township, 
and  the  following  sections  were  measured  at  the  places  shown  on  the 
map: 

Sections  oflignUe  beds  in  T.  19  N,,  R.  12  E. 
[In  additioo  to  those  shown  on  Plate  XI.] 


No. 
on  PI. 

n. 

Section. 

1 

No. 

on  PI. 

II. 

Location. 

Section. 

830 

NW.  J  see.  17.. 
SW.isec.S.... 

• 

Soil.                          Ft.  in. 

Shale,  brown 1    10 

Lienite 2     0 

832 

833 
834 

NW.isec.8... 

SE.isec.33... 
SW.  i8ec.24.. 

Shale,  brown.           Ft.  in. 
Lignite 2     3 

831 

Totalsection.     4     7 
Total  lignite.     2     0 

Shale,  brown 5     0 

LiKnite 1     0 

Lignite 1     6 

.... «uO.  ....•••..■..        \       o 

Totalsection.     6     0 
Total  lignite.     1     0 

No  prospecting  or  mining  has  been  done  in  this  township. 

T.  20  v.,  R.  12  B. 

The  South  Fork  of  Grand  River  flows  eastward  across  the  southern 
part  of  T.  20  N.,  R.  12  E.,  and  on  both  the  north  and  the  south  its 
valley  is  bordered  by  a  series  of  terraces. 

The  strata  are  in  places  well  exposed  in  the  bluffs  of  the  river  and 
of  the  smaller  streams,  so  that  in  the  township  an  almost  complete 
section  of  the  outcropping  rocks  may  be  examined.  These  rocks 
belong  to  the  lower  part  of  the  Lance  formation,  the  Ludlow  lignitic 
member,  the  Cannonball  marine  member,  and  the  lower  part  of  the 
Fort  Union  formation.  The  Ludlow  member,  which  occupies  the 
greater  part  of  the  area,  consists  of  alternating  beds  of  yellow  sand- 
stone, brown  shale,  clay,  and  lignite.  The  upper  20  or  30  feet  of  the 
lower  part  of  the  Lance  appears  above  the  level  of  the  river,  and  the 
Cannonball  marine  member  and  the  lower  sandstone  of  the  Fort 
Union  outcrop  in  the  northern  part  of  the  township. 

Lignite  beds  are  numerous  in  the  Ludlow  member,  which  is  exposed 
in  the  river  bluffs,  but  the  beds  are  lenticular  and  in  only  a  few  places 
have  a  thickness  of  over  2  feet.  Probably  the  thickest  bed  outcrops 
in  a  few  isolated  buttes  in  the  northern  part  of  the  township,  where 
it  has  a  thickness  of  about  2  feet  6  inches. 

T.  21  v.,  B.  12  B. 

T.  21  N.,  R.  12  E.,  lies  on  the  upland  between  the  North  and  South 
forks  of  Grand  River.  Lodgepole  Creek  flows  southeastward  across 
the  township  in  a  wide,  flat  valley  which  is  bordered  on  both  the 
north  and  the  south  by  high  rocky  ridges,  rising  above  the  general 
plateau  surface.    The  town  of  Lodgepole  is  in  sec.  8. 
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Rocks  of  the  Fort  Union  formation,  about  200  feet  in  maximum 
thickness,  outcrop  in  the  greater  part  of  the  township,  but  the  Can- 
Qonball  marine  member  of  the  Lance  formation  occupies  the  valley  of 
Lodgepole  Creek,  in  the  eastern  part,  and  the  lower  portions  of  val- 
leys of  the  small  streams  that  flow  toward  the  south.  Two  massive 
partly  consolidated  beds  of  sandstone  give  rise  to  the  most  prominent 
topographic  features,  the  upper  one  capping  the  high  ridges  in  the 
northern  and  central  parts  of  the  township,  and  the  other,  about  60 
feet  lower,  capping  numerous  lower  buttes  in  the  eastern  part. 

The  principal  lignite  bed  of  this  part  of  the  field  lies  about  20  feet 
above  the  lower  of  these  two  sandstones  and  probably  100  feet  above 
die  base  of  the  Fort  Union.  It  underlies  the  two  principal  ridges 
and  a  few  outlying  buttes.  The  southern  ridge  extends  eastward 
from  sees.  18  and  19  to  sec.  15.  Two  local  mines  are  in  operation  on 
the  south  side  of  this  ridge,  one  in  the  SE.  {  sec.  19  and  the  other,  the 
Nelson  (location  937),  in  the  NW.  {  sec.  29.  Both  are  drift  mines 
from  which  only  a  small  amoimt  of  lignite  is  mined  in  summer  but  a 
much  larger  amoimt  in  fall  and  winter.  A  sample  (No.  14354)  was 
collected  from  the  Nelson  mine  for  analysis,  the  results  of  which 
are  shown  in  the  table  on  page  43.  The  thickness  of  the  bed  in 
this  part  of  the  township  (sections  937,  938,  and  939,  PI.  X)  ranges 
from  6  feet  2  inches  to  more  than  7  feet.  At  location  940,  on  the  north 
side  of  the  ridge  in  sec.  18,  the  bed  is  5  feet  7  inches  thick  but  contains 
several  thin  partings  of  bone.  Farther  east  the  outcrop  is  concealed 
by  the  mantle  of  soil  and  the  bed  has  not  been  f  oimd.  An  outlying 
butte  at  the  comer  of  sec.  22,  23,  26,  and  27  is  also  grass-covered,  so 
that  the  outcrop  of  the  lignite  bed  is  concealed. 

The  northern  ridge  extends  southeastward  from  sees.  4  and  5  to 
sec.  11.  The  outcrop  of  the  lignite  bed  is  concealed  on  the  south  side 
of  the  ridge  except  at  location  941,  near  the  north  quarter  comer  of 
sec.  5,  where  the  bed  has  a  thickness  of  6  feet  1  inch,  with  thin  part- 
ings of  bone.  On  the  north  side  of  the  ridge  the  bed  has  been  exam- 
ined at  locations  942,  943,  944,  and  945  in  sees.  11,  2,  3,  and  4,  respec- 
tively. At  location  945  the  bed  has  been  mined  by  stripping.  The 
lignite  bed  is  exposed  at  locations  946  and  948,  in  an  isolated  butte 
in  the  NW.  J  sec.  1,  where  it  is  4  feet  8  inches  and  4  feet  4  inches 
thick,  respectively.  North  of  the  butte  a  small  block  has  slumped 
down  about  50  feet  and  a  partial  measurement  of  the  bed  was  made 
at  location  947  in  the  slumped  block.    All  these  sections  are  shown 

graphically  in  Plate  X. 

T.  2S  v.,  &.  u  z. 

The  North  Fork  of  Grand  River  flows  southeastward  across  the 
north-central  part  of  T.  22  N.,  R.  12  E.,  in  a  wide,  flat  valley. 
Grand  River  post  office  is  on  the  river  in  sec.  17.  This  valley  is 
separated  from  the  high  uplands  on  the  north  and  south  by  a  series 
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of  terraces.    A  high  sandstone-capped  ridge  extends  eastward  nearly 
across  the  southern  tier  of  sections. 

The  rocks  that  outcrop  in  this  township  belong  to  the  Ludlow  lig- 
nitic  and  Cannonball  marine  members  of  the  Lance  formation  and 
the  Fort  Union  formation.  The  total  thickness  of  the  Fort  Union  is 
approximately  200  feet.  Near  the  top  are  two  massive,  partly  con- 
solidated beds  of  sandstone,  forming  the  caps  of  numerous  buttes 
which  stand  out  conspicuously,  particularly  in  the  northeastern  and 
southern  parts  of  the  township. 

The  only  valuable  bed  of  lignite  in  this  part  of  the  South  Dakota 
field  lies  about  20  feet  above  the  lower  of  these  two  sandstones  and 
underlies  the  high  hills  in  the  southern  part  of  the  township  and  in 
the  adjoining  township  on  the  south.  The  sides  of  the  hills  are  very 
steep,  in  places  precipitous,  and  the  Ugnite  bed  can  be  easily  im- 
covered  with  a  shovel  at  almost  any  point  desired.  The  bed  was 
examined  at  four  points  along  the  main  ridge — at  location  949,  in 
the  SW.  i  sec.  36;  at  locations  950  and  952,  in  the  SW.  {  sec.  35; 
and  at  location  954,  in  the  SW.  {  sec.  34,  and  similar  measurements 
were  obtained  in  small  outlying  buttes  at  location  951,  in  the  SE.  { 
sec.  34;  at  location  955,  in  the  NE.  {  sec.  33;  and  at  location  958,  in 
the  SW.  {  sec.  31.  SmaU  drift  mines  have  been  opened  and  lignite 
removed  for  local  use  at  location  953,  in  the  SE.  {  sec.  35;  at  location 
956,  in  the  NW.  {  sec.  33;  and  at  location  957,  in  an  outlying  butte 
in  tJhe  NW.  i  sec.  32.  The  thickness  of  the  bed,  as  shown  by  these 
measurements,  ranges  from  5  feet  4  inches  to  8  feet  10  inches.  The 
detailed  sections  are  given  on  Plate  X. 

A  thin  bed  of  lignite  in  the  Ludlow  member  of  the  Lance  was' 
examined  in  the  river  bluflF  at  Grand  River  post  office  (location  959) 
and  was  observed  but  not  studied  at  other  places  along  the  river. 
The  section  at  this  place  is  as  follows: 

Section  of  ligniU  bed  at  location  959,  in  the  NW.  J  NW.  J  sec.  IS,  T.  it  N.,  R.  It  E. 

Saudstone.                                                                                             Ft.  in. 

Shale,  carbonaceous 8 

Lignite 1  4 

Shale,  carbonaceous 1  4 

Lignite 8 

Sandstone,  carbonaceous.  

Total  section 4  0 

Total  lignite 2  0 

T.  ss  K..  R.  U  E. 

T.  23  N.,  R.  12  E.,  lies  south  of  the  divide  between  the  North  Fork 
of  Grand  River  and  Flat  Creek.  The  plateau  that  stretches  away  to 
the  north  is  separated  in  this  township  from  the  lower  land  on  the 
south  in  some  places  by  moderately  steep  scarps  and  elsewhere  by 
smooth  slopes. 
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The  Ludlow  lignitic  and  Cannonball  marine  members  of  the  Lance 
formation  outcrop  in  the  deeper  valleys;  the  sandstone  and  shale  of 
the  lower  part  of  the  Fort  Union  formation  underlie  the  plateau 
region.  The  line  separating  the  two  members  of  the  Lance  formation 
is  only  approximate,  inasmuch  as  the  surface  is  heavily  grass-covered 
and  there  are  very  few  natural  rock  exposures. 

A  high  ridge  nearly  covered  with  quartzitic  bowlders  extends  from 
the  east  into  sec.  24  and  is  underlain  by  a  bed  of  lignite  approximately 
3  feet  thick,  which,  however,  is  not  exposed  in  this  township.  At  a 
lower  level  in  the  NW.  {  SE.  i  sec.  24  a  thin  bed  has  been  prospected 
to  some  extent  at  location  960,  but  its  thickness  is  only  1  foot  1  inch. 

T.  IC  v.,  R.  II  B. 

The  surface  of  T.  16  N.,  R.  13  E.,  is  deeply  dissected  by  Rabbit 
and  Antelope  creeks,  and  because  of  the  easily  weathered  character 
of  the  rocks  only  a  few  good  exposures  occur.  Rabbit  Butte,  in 
sec.  7,  rises  100  feet  or  more  above  the  surrounding  country  and  is 
a  conspicuous  landmark.  Soil  derived  from  the  clay  shale  of  the 
Lance  formation  does  not  make  good  farm  land,  and  consequently 
there  are  only  a  few  small  areas  which  have  been  cultivated,  much 
of  the  land  being  almost  barren  of  vegetation. 

With  the  exception  of  a  small  area  of  the  Ludlow  Ugnitic  member 
of  the  Lance  formation  in  Rabbit  Butte,  the  surface  of  this  township 
is  composed  of  the  somber-colored  shale  of  the  lower  part  of  the 
Lance,  which  here  is  not  lignite-bearing.  Two  thin  beds  of  Ugnite 
near  the  base  of  the  Ludlow  member  are  exposed  in  Rabbit  Butte 
and  are  shown  in  the  following  section: 

Section  at  Rabbit  ButU,  location  961,  T.  16  H.y  R,  13  E, 

Shale,  brown.                                                                                   Ft.  in. 

lignite 2  2 

Shale,  brown 25  0 

Lignite 1  5 

Shale,  brown.  

Total  section 28  7 

Total  Ugnite 3  7 

T.  17  v.,  R.  U  B. 

Rabbit  Creek  crosses  sec.  31,  T.  17  N.,  R.  13  E.,  and  with  its  two 
main  southward-flowing  tributaries  drains  the  entire  township.  The 
surface  slopes  gradually  upward  from  the  level  of  the  creek  to  the 
meadow  land  at  the  northern  boundary.  It  is  rolling  and  grass- 
covered,  and  exposures  of  rock  are  scarce.  The  soil  in  most  of  the 
township  is  the  result  of  the  disintegration  of  the  soft  sandstone  of 
the  Ludlow  lignitic  member  of  the  Lance  formation.  It  is  fertile, 
and  numerous  small  farms  are  being  cultivated. 

24016*'— Bull.  627—16 10 
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The  somber-colored  shale  of  the  lower  part  of  the  Lance  f  ormatioii 
outcrops  in  the  southern  part  of  the  township,  and  the  sandy  shalo 
and  sandstone  of  the  Ludlow  lignitic  member  underlie  the  higher 
northern  part. 

At  the  base  of  the  Ludlow  member  there  is  a  bed  of  lignite  which 
in  the  vicinity  of  the  Rogers  and  Sexton  mines  is  thick  enough  to 
be  of  economic  importance.  To  the  east  and  west,  however,  along 
its  outcrop  the  bed  is  worthless,  being  split  into  several  benches  at 
location  926,  in  sec.  24,  of  the  township  to  the  west.  (See  p.  140.) 
At  location  966  (see  PI.  XI),  in  sec.  29,  the  bed  is  represented  by 
only  2  feet  2  inches  of  lignite  split  into  two  benches. 

The  Rogers  mine  at  location  962,  in  sec.  18,  is  an  open  strip  pit 
from  which  a  large  amoimt  (probably  several  hundred  wagon  loads) 
of  lignite  has  been  mined  by  stripping  off  the  15  to  20  feet  of  over- 
burden with  a  scraper.  The  mine  has  been  operated  for  several 
years,  supplying  a  large  local  demand.  The  lignite  is  bright,  hard, 
and  nearly  black  and  has  fairly  well  developed  cleavage  planes. 
Numerous  aggregations  of  iron  pyrite  are  present  along  the  joint 
planes  of  the  bed.    The  part  of  the  bed  mined  is  5  feet  thick. 

The  Sexton  mine,  at  location  964,  about  half  a  mile  to  the  east, 
on  the  same  bed,  which  at  this  place  has  a  thickness  of  4  feet  11 
inches,  is  worked  by  the  same  method,  and  the  lignite  is  sold  locally. 
This  mine  has  been  opened  more  recently  than  the  Rogers  mine, 
but  nevertheless  several  hundred  wagon  loads  of  fuel  have  been 
removed  from  it. 

South  and  east  of  the  mines  the  bed  is  burned  along  its  outcrop, 
but  it  can  be  traced  easily  by  the  resulting  red  soil  and  rock.  Sec- 
tions 962  to  967  (PL  XI),  which  were  measured  in  this  township, 
illustrate  the  irregularities  of  the  lignite  bed  occurring  at  the  base 
of  the  Ludlow  member  in  this  part  of  the  field. 

T.  18  v.,  B.  u  B. 

The  greater  part  of  the  surface  of  T.  18  N.,  R.  13  E.,  is  rolling 
meadow  or  farm  land.  The  maximum  difference  in  altitude  be- 
tween the  lowest  valley  land  and  the  highest  butte  is  not  much 
more  than  100  feet.  Thimder  Butte  Oeek  drains  almost  the  entire 
township,  passing  across  it  a  little  south  of  the  center  in  a  broad, 
flat  valley,  the  sides  of  which  constitute  the  low  dividing  ridge 
between  the  South  Fork  of  Grand  River  on  the  north  and  Rabbit 
Oeek  on  the  south.  The  area  is  largely  under  cultivation,  inas- 
much as  the  soil,  which  is  derived  mainly  from  the  sandy  beds  of 
the  Ludlow  lignitic  member  of  the  Lance  formation,  is  very  fertile. 
Bison,  the  county  seat  of  Perkins  County,  is  a  thriving  town  of  100 
'^r  more  people  in  sec.  13. 

Mong  the  southern  margin  of  the  township  the  lower  part  of  the 
ce  formation  is  exposed  in  a  small  area.    Elsewhere  the  surface 
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rocks  belong  to  the  Ludlow  member.  No  bed  of  lignite  is  known 
to  outcrop  in  the  township,  and  no  valuable  bed  has  been  f  oimd  in 
the  wells  of  the  area. 

T.  19  v.,  B.  IS  B. 

The  South  Fork  of  Grand  River  crosses  T.  19  N.,  R.  13  E.,  near 
its  northern  boundary  and  receives  drainage  from  the  entire  area. 
To  the  south  the  surface  rises  about  480  feet  in  very  rugged  slopes 
to  the  altitude  of  the  Big  Meadow.  Several  well-defined  valleys 
heading  along  the  southern  margin  of  the  township  cross  it  in  a 
northerly  direction,  at  nearly  right  angles  to  the  valley  of  the  South 
Fork  of  Grand  River.  North  of  the  river  the  surface  rises  abruptly, 
espedially  near  Breckenridge  post  office,  where  the  river  flows  very 
close  to  a  cliff  that  reaches  a  height  of  nearly  100  feet  above  the 
valley.  little  farming  has  been  done  in  the  area  because  the  sur- 
face IS  too  rough.  Although  the  surface  is' largely  grass-covered, 
there  are  numerous  exposures  from  which  to  study  the  bedrock. 

A  narrow  area  in  the  valley  of  the  South  Fork  of  Grand  River 
IS  underlain  by  the  lower  part  of  the  Lance  formation  (see  PI.  II), 
but  the  Ludlow  lignitic  member  of  the  Lance  occupies  the  major 
part  of  the  township.    The  strata  dip  very  slightly  northeastward. 

Two  small  strip  mines  on  a  bed  of  lignite  which  outcrops  in  sees. 
27,  28,  33,  and  34  have  been  opened  by  the  farmers  of  the  vicinity 
to  supply  their  own  needs,  but,  as  indicated  by  sections  968  and 
969  (PL  XI),  taken  at  the  mines,  the  thickness  of  the  bed  at  neither 
place  is  sufficient  to  warrant  extensive  mining.  Thin  lignite  beds 
are  exposed  at  several  other  places  but  have  not  been  mined  or 
prospected.  The  lignite  bed  at  the  base  of  the  Ludlow  member  is 
exposed  at  locations  972  to  974,  but  at  no  place  is  there  a  sufficient 
thickness  to  make  mining  attractive. 

Secliana  of  lignite  beds  in  T.  19  N.,  R.  IS  E. 
[In  addition  to  those  shown  on  PI.  XI.) 


No. 

on 

PLH. 

Location. 

Section. 

No. 

on 

PL  II. 

Location. 

Section. 

970 
S71 

8W.  isec.25.. 
SE.  i8eo.26.. 

Soil.                       Ft.   in. 
Lignite 2      0 

Shale,  brown. 

LiKnite 2       6 

Shale,  drab 6 

Llenite 1       2 

972 

973 
974 

NW.  Jsec.6.. 

NE.  iseclO.. 
NE.isec.ll.. 

Clay,  sandy.            Ft.   in. 

Lignite 8 

Shale,  orown 2     10 

Lignite 2       6 

Total  section.  6      0 
Total  lignite..  3       2 

Total  section.  8      8 
Total  lignite..  3       8 

Lignite 10 

Lignite 1       1 

T.  80  v..  B.  U  E. 


The  low  grass-<50vered  divide  that  crosses  near  the  center  of  T.  20  N., 
R.  13  E.,  in  an  easterly  direction  separates  the  drainage  of  the  South 
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Fork  of  Grand  River  on  the  south  from  that  of  Lodgepole  Creek  on 
the  north.  On  either  side  the  surface  slopes  gradually  away  from 
the  divide  and  is  traversed  hy  broad  valleys.  A  large  proportion 
of  the  surface  is  imder  cultivation,  and  good  rook  exposures  are  very 
scarce. 

The  surface  rocks  belong  to  the  Ludlow  lignitic  and  Cannonball 
marine  members  of  the  Lance  formation  and  the  Fort  Union  and 
White  River  formations.  The  White  River  occupies  a  small  area 
on  top  of  the  divide  in  sec.  16.  The  boundaries  of  the  other  for- 
mations, as  shown  on  the  map  (PL  II),  are  drawn  only  approxi- 
mately. 

No  bed  of  lignite  of  any  value  is  ,known  in  the  township,  but  beds 
less  than  4  inches  thick  are  reported  to  have  been  found  in  a  number 
of  wells  south  of  Cole  post  office. 

T.  21  v.,  B.  u  B. 

The  upland  between  Lodgepole  Creek  and  the  North  Fork  of  Grand 
River  extends  from  the  western  border  of  T.  21  N.,  R.  13  E.,  nearly 
across  the  township.  The  plateau  has  been  largely  dissected  by  the 
two  'streams  and  their  numerous  tributaries. 

The  rocks  that  outcrop  in  the  township  belong  to  the  Cannonball 
marine  member  of  the  Lance  formation  and  the  Fort  Union  forma- 
tion, but  no  attempt  was  made  in  the  field  to  map  the  contact 
between  the  two,  and  the  line  shown  on  the  map  is  therefore  only 
approximate.  A  massive,  partly  consoUdated  bed  of  sandstone  in 
the  Fort  Union  forms  the  caps  of  a  number  of  prominent  buttes  that 
rise  above  the  general  plateau  level  in  the  western  part  of  the  town- 
ship. The  surface  of  the  township  is  for  the  most  part  grass-covered, 
and  natural  exposures  are  few  except  in  the  bluflfs  of  the  North  Fork 
of  Grand  River,  which  flows  eastward  across  the  northeast  comer 
of  the  township. 

No  Ugnite  beds  were  found  or  reported  in  this  township. 

T.  2S  v.,  B.  u  B. 

A  group  of  high  rocky  hills  occupies  the  central  part  of  T.  22  N., 
R.  13  E.,  rising  conspicuously  above  the  valley  of  the  North  Fork  of 
Grand  River,  which  flows  southeastward  across  the  southwestern 
part  of  the  township.  To  the  north  the  rocky  hills  give  way  to  a  high 
rolling  prairie. 

The  rocks  that  outcrop  in  this  township  belong  to  the  Ludlow 
hgnitic  and  Cannonball  marine  members  of  the  Lance  formation  and 
the  lower  part  of  the  Fort  Union  formation.  The  steep  bluflfs  of  the 
North  Fork  of  Grand  River  furnish  good  exposures  of  parts  of  the 
Ludlow  and  Cannonball  members,  and  a  prominent  bed  of  sandstone 
in  the  Fort  Union  forms  the  caps  of  the  prominent  buttes.     With 
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these  exceptions,  the  underlying  rocks  are  for  the  most  part  concealed 
by  a  heavy  mantle  of  soil. 

A  bed  of  lignite  which  is  correlated  with  the  bed  that  is  being 
mined  near  Lodgepole,  S.  Dak.,  and  north  of  Haynes,  N.  Dak., 
underlies  three  smaU  buttes  in  sees.  1  and  2.  At  location  975,  in  sec.  2 
(see  PI.  X),  which  is  the  only  point  where  the  bed  is  exposed,  it  has  a 
thickness  of  2  feet  6  inches.  The  horizon  of  this  bed  is  above  the 
tops  of  the  hills  in  the  central  part  of  the  township. 

T.  SS  V„  R.  13  B. 

The  surface  of  T.  23  N.,  R.  13  E.,  is  a  rolling  upland  prairie,  dis- 
sected by  nimierous  small  valleys.  The  rocks  that  outcrop  in  the 
township  belong  to  the  Fort  Union  formation  and  are  fairly  well 
exposed  along  the  valleys  in  the  western  part  of  the  township.  In 
the  northeast  a  partly  consolidated  bed  of  sandstone  forms  the  caps 
of  numerous  low  hills  that  rise  abruptly  from  the  nearly  flat  valleys. 
A  high  rocky  ridge  extends  westward  from  sec.  21  of  this  township 
into  sec.  24,  T.  23  N.,  R.  12  E.,  and  is  underlain  by  a  bed  of  lignite 
which  is  correlated  with  the  bed  that  is  being  mined  near  Lodgepole, 
S.  Dak.,  and  north  of  Haynes,  N.  Dak.  In  this  township  the  bed 
has  been  mined  to  some  extent  by  stripping  at  location  976  in  the 
SW.  i  sec.  19,  and  at  location  977,  in  the  SW.  J  sec.  21,  where  the 
bed  has  a  total  thickness  of  3  feet  4  inches  and  5  feet  3  inches,  respec- 
tively. (See  PI.  X.)  At  location  977  the  bed  is  split  into  four 
benches  by  shale  and  bone  partings.  The  same  bed  imderUes  an 
isolated  butte  in  sees.  33  and  34,  but  the  outcrop  is  covered  by  the 
mantle  of  soil. 

T.  IC  K.,  B.  14  B. 

The  surface  in  T.  16  N.,  R.  14  E.,  is  moderately  dissected  by  small 
streams  and  only  partly  covered  with  grass.  Soil  resulting  from  the 
disintegration  of  the  soft  argillaceous  shale  that  forms  the  surface 
rock  does  not  make  good  farm  land,  hence  very  few  farmers  have 
settled  in  the  area.  The  lower  part  of  the  Lance  formation,  which 
underlies  this  area,  contains  no  lignite  in  this  part  of  the  field. 

T.  17  v.,  B.  u  E. 

The  valleys  of  Thunder  Butte  Oeek  and  its  main  tributary,  Lone 
Tree  Creek,  constitute  a  large  part  of  T.  17  N.,  R.  14  E.  Away  from 
the  streams  the  surface  rises  gradually  in  a  grass-covered  •slope  to  a 
maximum  altitude  of  less  than  100  feet  above  the  level  of  the  valley 
floors.  Numerous  farmers  have  recently  taken  up  land  in  this  part 
of  the  State,  but  continued  drought  has  produced  discouraging  results 
and  many  of  them  have  already  been  forced  to  abandon  their  claims 
and  leave  the  country.  Although  there  are  small  areas  in  which  the 
soil  will  produce  good  crops  when  properly  cared  for,  a  large  part  of 
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the  township  is  destined  to  remain  uncultivated.  Except  for  a  thin 
covering  of  the  Ludlow  lignitic  member  of  the  Lance  formation  on  a 
few  of  the  higher  areas,  the  surface  rocks  belong  to  the  lower  part  of 
that  formation  and  dip  northward  at  about  20  feet  to  the  mile. 

A  single  bed  of  lignite  is  exposed  along  Thunder  Butte  Creek  in 
sec.  3,  where  the  foUowing  section  was  measured: 

Section  ofUgniU  bed  at  locatum  978,  in  see,  S,  T,  17  N.,  R.  14  E, 

Ft.     in. 

Shale,  drab 2      6 

Lignite 2      8 

Shale,  drab.  

Total  section 5     2 

Totallignite 2     8 

T.  U  v.,  B.  U  E. 

T.  18  N.,  R.  14  E.,  lies  in  the  meadow  area,  and  its  surface  is  accord- 
ingly only  very  slightly  dissected.  The  maximum  difference  in  alti- 
tude between  the  valley  of  Thimder  Butte  Creek,  on  the  southwest,  and 
the  conspicuous  buttes  in  the  northeastern  part  of  the  township  is 
probably  less  than  150  feet,  and  over  most  of  the  area  there  is  a 
difference  of  less  than  50  feet.  There  are  a  large  number  of  well- 
established  farms  in  the  township,  and  only  a  small  proportion  of 
the  land  has  not  been  put  under  cultivation.  Five  smaU  white  buttes 
in  the  northeastern  part  of  the  township  rise  about  50  feet  above  the 
average  level  of  the  meadow  and  stand  out  as  conspicuous  landmarks 
in  a  generaUy  flat,  grass-covered  re^on. 

Rocks  of  the  lower  part  of  the  Lance  formation  crop  out  along 
Thunder  Butte  Creek,  in  the  southwest  comer,  and  are  overlain  with 
apparent  conformity  by  the  sandy  Ludlow  lignitic  member  of  the 
Lance  formation,  which  occupies  the  surface  of  nearly  all  the  remainder 
of  the  area.  The  maximimi  thickness  (200  feet)  of  the  Ludlow  in  this 
township  is  represented  in  the  northeastern  part.  The  five  prominent 
buttes  are  formed  by  about  45  feet  of  clay  and  sandstone  of  the  White 
River  formation  from  which  fossils  of  Oligocene  age  were  obtained. 
(See  PI.  IV,  A,  p.  32.) 

Exposures  of  rock  in  this  township  are  very  rare,  and  neither  they 
nor  the  available  well  records  indicate  the  presence  of  valuable  lignite 
beds  in  this  part  of  the  field. 

T.  19  v..  B.  14  B. 

The  surface  of  T.  19  N.,  R.  14  E.,  is  "deeply  dissected  by  several 
nearly  parallel  valleys,  and  most  of  the  area  is  not  suitable  for  farming. 
Between  the  South  Fork  of  Grand  River  and  the  top  of  the  small  white 
butte  in  sec.  34  there  is  a  difference  in  altitude  of  nearly  450  feet. 
Although  the  surface  is  rough,  a  mantle  of  soil  covers  most  of  it  and 
obscures  the  rock  structure. 
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A  considerable  area  in  the  vaUey  of  the  South  Fork  of  Grand  River 
is  occupied  by  the  shale  of  the  lower  part  of  the  Lance  formation,  but 
the  rest  of  the  township  is  covered  by  rocks  of  the  Ludlow  lignitic 
member  of  the  Lance,  with  the  exception  of  a  small  prominent  butte 
in  sec.  34,  which  is  capped  by  45  feet  of  clay  of  the  White  River  forma- 
tion.   The  rocks  dip  gently  to  the  north. 

There  are  practicaUy  no  exposures  of  the  lignite  except  where 
farmers  have  imcovered  the  beds  to  procure  their  fuel  supply.  Sec- 
tions 979  and  981  to  986,  Plate  XI,  were  measured  in  small  mines. 
None  of  the  mines  have  been  developed  on  a  lai^e  scale,  but  each  has 
furnished  several  wagon  loads  of  fuel.  The  mining  has  been  done  by 
stripping  the  rock  overburden,  in  places  as  much  as  15  feet,  and  then 
digging  up  the  lignite.  Above  the  lignite  at  the  small  mine  at  location 
982,  sec.  35,  there  is  about  150  feet  of  overbiu'den,  so  that  future 
ynming  here  will  have  to  be  done  from  drift  openings.  The  beds  mined 
range  in  thickness  from  1  foot  1  inch  at  location  985,  in  sec.  6,  to  2 
feet  3  inches  at  location  982,  in  sec.  35.  The  section  given  below  was 
measured  near  the  top  of  a  high  hill  in  sec.  32,  on  what  is  assumed  to  be 
the  same  bed  as  that  opened  at  location  981,  in  sec.  30: 

Section  of  lignite  bed  at  locaticm  980,  in  9ee.  S£,  T.  19  N.,  R,  U  E. 

Shale,  brown.  Ft.  in. 

Lignite 1  3 

Sandstone,  yeUow 6 

Lignite 1  5 

Shale,  brown.  

Total  section 3  2 

Total  lignite 2  8 

In  the  NE.  \  NW.  \  sec.  12  the  outcrop  of  a  bed  reported  to  be  about 
1  foot  thick  is  covered  by  gravel,  but  a  near-by  rancher  has  mined  a 
small  amoimt  of  lignite  by  stripping  off  the  gravel. 

T.  20  v.,  B.  14  E. 

The  South  Fork  of  Grand  River  occupies  a  broadly  meandering 
course  in  the  wide  valley  in  sees.  25  and  36,  T.  20  N.,  R.  14  E.  Near 
the  valley  the  slopes  are  abrupt,  but  elsewhere  in  this  township  the 
surface  is  a  rolling  grass-covered  prairie.  Several  well-developed 
valleys  cross  the  township  from  west  to  east  but  do  not  contain  run- 
ning water  for  any  large  part  of  the  year.  Lodgepole  Creek,  which 
crosses  the  township  near  the  northeast  comer,  follows  a  meandering 
course  in  a  rather  narrow  valley.  A  laige  portion  of  the  land  is  under 
cultivation  and  makes  very  good  farm  land. 

Rocks  belonging  to  the  Ludlow  lignitic  and  Cannonball  marine 
members  of  the  Lance  formation  and  dipping  northward  at  low  angles 
form  the  surface  of  nearly  the  entire  township.    The  lower  part  of  the 


Shale,  yellow.  Ft.  in. 

Lignite 1      8 

Shale,  brown. 
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Lance  is  exposed  in  small  areas  along  the  South  Fork  of  Qrand  River 
in  the  southeastern  part  and  along  Lodgepole  Creek  in  the  northeast 
comer. 

A  thin  bed  of  lignite  occurs  at  the  base  of  the  Ludlow  member  in  the 
northern  part  of  the  area  and  has  been  mined  at  a  small  strip  mine  at 
location  989,  in  sec.  1,  where  it  is  only  2  feet  6  inches  thick.  Two 
beds  of  lignite  are  exposed  in  sec.  13,  as  follows: 

Sections  of  lignite  beds  in  T.  20  N.,  R.  14  E. 
[Ill  addition  to  those  shown  on  PI.  XI.) 
LMfttioa  M7. 

Sandstone,  yellow,  soft.  Ft.  in. 

Lignite,  with  pyrite 2      5 

Shale,  carbonaceous 4 

Lignite 3 

Shale.  

Total  section 3      0 

Totallignite 2      8 

T.  »  v.,  B.  14  B. 

From  the  divide  near  the  center  of  T.  21  N.,  R.  14  E.,  the  land 
slopes  rather  abruptly  to  the  North  Fork  of  Grand  River  on  the 
north  and  Lodgepole  Creek  on  the  south;  both  of  which  are  perennial 
streams.  The  surface,  though  generally  grass-covered,  is  dissected 
by  numerous  small  streams  but  is  not  so  rough  as  to  prevent  culti- 
vation. Good  wagon  roads  follow  nearly  all  the  section  lines  and 
provide  avenues  along  which  produce  may  be  hauled  to  the  Chicago^ 
Milwaukee  &  St.  Paul  Railway,  which  is  about  15  miles  to  the  north. 
Settlers  who  have  taken  up  land  in  this  part  of  the  State  have  been 
fairly  successful  in  raising  crops  of  small  grains,  potatoes,  etc. 

Shale  of  the  lower  part  of  the  Lance  formation  is  exposed  along  the 
valleys  of  Lodgepole  Creek  and  the  North  Fork  of  Grand  River,  but 
the  surface  of  the  greater  part  of  the  township  is  composed  of  the  soft 
sandstone  and  sandy  shale  of  the  overlying  Ludlow  lignitic  and 
Cannonball  marine  members  of  the  Lance. 

Two  thin  Idgnite  beds  outcrop  near  the  base  of  the  Ludlow  member 
at  location  990,  in  sec.  11,  where  the  following  section  is  exposed: 

Section  of  ligniU  beds  at  locatUm  990,  see,  11,  T.  21  N,,  R.  14  E, 

Clay.                                                                                                   Ft.  in. 

Lignite 1  6 

Interval 50  0 

Lignite 1  2 

Shale,  brown 7 

Lignite 10 

Shale,  brown.  

Total  section 64  1 

Total  lignite 3  6 
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The  outcrop  of  neither  of  the  beds  could  be  followed  beyond  the 
single  cut  bank,  and  the  beds  are  therefore  supposed  to  represent 
local  lenses. 

No  mining  has  been  done  in  this  particular  area,  but  it  is  probable 
that  the  3  foot  4  inch  bed  of  lignite  which  is  mined  at  the  Brady  mine, 
in  sec.  6  of  the  township  to  the  southeast,  may  underlie  a  portion  of 
sec.  36  of  this  township  and  possibly  may  be  mined  there  in  the  near 
future. 

T.  2S  v.,  B.  14  E. 

The  surface  of  T.  22  N.,  R.  14  E.,  is  an  irregularly  rolling  prairie 
with  numerous  small  valleys  and  a  few  prominent  buttes.  White 
Butte,  a  conspicuous  landmark  in  sees.  21  and  28,  is  capped  with 
nearly  white  sandstone,  probably  a  part  of  the  White  River  formation. 
The  rocks  underlying  the  remainder  of  the  township  belong  to  the 
Cannonball  marine  member  of  the  Lance  formation  and  the  Fort 
Union  formation.  A  partly  consolidated  bed  of  sandstone  in  the 
Fort  Union  forms  the  caps  of  a  few  prominent  buttes  and  outcrops 
high  on  the  sides  of  White  Butte.  A  bed  of  lignite  about  20  feet 
above  this  sandstone  underhes  White  Butte  and  another  prominent 
butte  in  sec.  15.  The  bed  has  been  mined  from  a  drift  at  the  south 
end  of  the  latter  butte  ^(location  992),  but  at  the  time  the  township 
was  examined,  in  Jxme,  1912,  the  lignite  in  the  mine  was  burning  and 
the  mine  had  been  closed.  The  section  measured  at  the  mouth  of 
the  mine  contains  a  total  of  6  feet  4  inches  of  lignite,  but  on  White 
Butte,  where  considerable  prospecting  has  been  done,  the  bed  con- 
tains a  laige  proportion  of  shale.  The  detailed  sections  (991  and  992) 
are  shown  on  Plate  X. 

T.  U  v.,  B.  14  E. 

The  surface  of  T.  23  N.,  R.  14  E.,  is  a  rolling  prairie,  interrupted 
by  a  number  of  high  rocky  buttes  in  the  western  part.  The  main 
line  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway  crosses  the  north 
border  of  the  township.  White  Butte  post  office  is  on  that  line  in 
sec.  3.  The  outcropping  rocks  belong  to  the  Cannonball  marine 
member  of  the  Lance  formation  and  the  Fort  Union  formation  but 
are  for  the  most  part  concealed  by  a  heavy  mantle  of  soil.  A  partly 
consolidated  sandstone  in  the  Fort  Union  forms  the  caps  of  the 
prominent  buttes  in  the  western  part  of  the  township.  No  lignite 
was  foimd  or  reported  in  this  township. 

T.  IC  v.,  B.  15  E. 

A  rather  pronounced  grass-covered  plateau-like  divide,  separating 
the  drainage  of  Thimder  Butte  Creek  on  the  north  from  that  of  Rabbit 
Creek  on  the  south,  crosses  T.  16  N.,  R.  15  E.,  from  northwest  to 
southeast  and  rises  more  than  100  feet  above  the  valley  levels.  On 
each  side  of  this  upland,  where  the  soil  is  the  result  of  the  disinte- 
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gration  of  the  clay  shale  of  the  lower  part  of  the  Lance  formation, 
there  are  numerous  small  areas  of  barren,  unattractive  land.  Never- 
theless, a  number  of  small  farms  have  been  located  in  the  valley  of 
Thunder  Butte  Creek.  The  surface  south  of  the  divide  descencb  in 
a  rather  steep,  intricately  dissected,  and  nearly  barren  slope  toward 
Rabbit  Creek.  Chance,  a  small  but  thriving  town,  is  a  short  distance 
north  of  this  township  and  is  the  market  place  for  the  inhabitants 
of  this  vicinity. 

From  30  to  60  feet  of  beds  belonging  to  the  Ludlow  lignitic  member 
of  the  Lance  formation  are  exposed  in  an  area  about  a  mile  in  width 
along  the  divide.  At  the  base  of  the  yellow  sandy  beds  of  the  Ludlow 
member  there  is  a  bed  of  l?gnite  which,  although  not  of  great  value, 
has  been  prospected  and  mined  at  several  places.  At  the  Rail  mine, 
location  997  in  sec.  20  (see  PL  XI),  the  following  section  is  exposed: 

Section  at  Rail  mine,  in  uc,  iO,  T.  16  N.^  R.  15  E. 

Ft.  in. 

Sandstone,  yeUow,  soft,  maaedve 4      0 

Shale,  yellow,  argillaceous 3      0 

Shale,  drab 2  11 

Shale,  carbonaceous 7 

Lignite 1) 

Shale,  drab 3 

Lignite 9 

Sandstone ) 

Lignite 1      4 

Shale,  brown 7  ^ 

Lignite 8 

Shale,  black.  t 

Total  section 14      3  ^  . 

Total  lignite 2  lOJ 

The  mine  was  opened  in  1908  by  Alexander  Rail,  and  considerable 
lignite  has  been  removed  and  sold  to  the  near-by  fanners  at  $3  a 
double  box-wagon  load.  It  has  been  possible  so  far  to  mine  the 
lignite  by  stripping  the  comparatively  thin  cover,  but  as  the  over- 
burden beyond  the  present  workings  is  about  50  feet  thick,  it  will 
be  necessary  to  abandon  the  stripping  method  and  resort  to  drifting. 

The  foUowing  is  a  detailed  section  of  the  same  bed  at  the  Wilson 
mine,  at  location  998,  in  sec.  21: 

Straiigrapkie  action  at  the  Wilson  mtne,  at  location  998,  uc.  21,  T.  16  N,,  R.  IS  E. 

Ft.   In. 

Clay,  pink,  fiihaly 1      6 

Sandstone  and  shale,  yellow,  sandy 5      0 

Shale,  drab 3      6 

Shale,  carbonaceous 7 

Lignite 1} 

Shale,  drab 3 
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Ft,    in. 

lignite 10 

Sandstone. J 

Lignite 9 

Shale,  brown,  with  lenses  of  lignite 5 

Lignite 2 

Shale,  drab,  sandy 5 

Lignite 7 

Shale,  bUick.  

Total  section 14  2 

Total  lignite 2  6) 

This  is  a  small  strip  mine  opened  in  1908  to  supply  the  needs  of 
the  owner,  and  little  if  any  lignite  has  been  sold.  The  present  work- 
ings have  necessitated  the  stripping  of  only  a  small  amount  of  over- 
burden, but  further  development  will  probably  require  drifting,  as 
beyond  these  workings  the  overburden  is  from  40  to  50  feet  thick. 

The  same  bed  of  lignite  has  been  mined  on  a  small  scale  in  sec.  27, 
where  the  section  is  as  follows: 


Section  of  ligniU  bed  at  location  1000,  sec.  f7,  T,  16  N.,  R.  15  E. 


Shale,  yellow,  sandy. 

Lignite 

Lignite,  poor,  bony. 
Shale,  brown. 


Ft.  In. 

1      6 
6 


The  mine,  being  located  near  the  head  of  a  narrow,  steep-sided 
gulch,  is  not  easily  accessible  and  therefore  will  probably  not  be 
much  further  developed. 

The  following  sections  of  the  same  bed  are  exposed  at  the  locations 
shown  on  the  map  but  are  not  shown  graphically  on  Plate  XI: 

Sections  of  ligniUhedin  T.  16  N.,  R,  15  E.  {in  addUion  to  those  shown  in  PL  XI). 


No. 

on 

PL  II. 


ma 


994 


995 


Locftiion. 


8W.  I  see.  17. 
NW.iaM.20. 


NW.  i860. 90. 


Section. 


Shale,  brown.           Ft.  in. 
Lignite a     2 


Shftle .  brown. 

Lignite 1  5 

Shale,  brown 8 

Limite 3 

Shale/brown.  

Total  section..  2  i 

Total  lignite..  1  8 

Shale,  drab. 

Lignite 9 

Shale,   brown, 


sandy. 

Lignite 

Shale,  brown... 

Lisnito 

Shaie/Drown. 

Total  section. 

Total  lignite. 


5 
3 
4 

a 


a  11 
1    a 


No. 

on 

PI.  II. 


996 


Wff 


1001 


Location. 


NW.  i  sec.  20. 


NE.  I  sec.  17. 


NW.}seo.34. 


Section. 


Shale,  drab.            Ft,  in. 

Lignite 10 

Shale,  drab 2 

Lisnite 8 

Shale,  Drown.  

Total  section..  1 
Total  lignite..  1 


Bone. 


8 
0 


Sou 1  0 

Lignite,    weath- 
ered   9 

Shale,  drab 1  8 

Lignite 11 

Shale,  drab,  

Total  section..  4  10 

Total  lignite. .  1  8 


1     0 
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T.  17  v..  &.  11  E. 

Thunder  Butte  Creek  crosses  T.  17  N.,  R.  15  E.,  from  west  to  east 
near  the  southwest  comer  in  a  very  crooked  meandering  channel 
cut  several  feet  below  the  average  valley  level.  On  each  side  the 
surface  rises  gradually  in  a  grassy  prairie  broken  here  and  there  by 
rather  sharp  ridges  or  buttes.  Chance,  in  sec.  28,  although  at  pres- 
ent 45  miles  from  a  railway,  is  one  of  the  prosperous  towns  of  the 
region.  The  line  surveyed  for  the  proposed  extension  of  the  Chicago, 
Milwaukee  &  St.  Paul  Railway  from  Firesteol  passes  within  a  short 
distance  of  the  town  and  should  the  railway  be  constructed  accord- 
ing to  that  survey,  Chance  wiU  undoubtedly  become  a  very  important 
shipping  point  for  grain  and  produce  grown  in  The  Meadow  and  sur- 
rounding area.  The  town  is  now  connected  with  the  railway  at 
Lemmon,  to  the  north,  by  daily  stage  through  Meadow. 

Most  of  the  township  is  meadow  or  cultivated  land,  but  there  are 
a  few  exposures  of  rock  along  the  streams.  With  the  exception  of 
the  somber-colored  shale  of  the  lower  part  of  the  Lance  formation 
in  the  valley  of  Thunder  Butte  Creek  the  surface  rock  belongs  to  the 
Ludlow  lignitic  member  of  that  formation.  The  rocks  appear  to  dip 
northwestward  at  about  13  feet  to  the  mile. 

Lignite  is  exposed  at  only  two  places  in  the  township,  neither  of 
which  have  attracted  the  attention  of  prospectors.  At  location  1002, 
in  sec.  20,  there  is  a  bed  1  foot  8  inches  thick,  and  at  location  1003, 
in  sec.  17,  there  is  a  bed  1  foot  1  inch  thick. 

T.  »  v..  &.  11  E. 

The  surface  of  T.  18  N.,  R.  15  E.,  is  gently  rolling  meadow  or  farm 
land  with  only  a  few  exposures  of  rock  along  the  small  streams. 
The  soil  is  the  result  of  the  disintegration  of  the  soft  sandy  shale  and 
sandstone  of  the  Ludlow  lignitic  member  of  the  Lance  formation 
and  will  produce  good  crops  of  small  grains,  potatoes,  etc.,  when  care 
is  taken  to  make  the  best  use  of  the  10  to  20  inches  of  annual  rain- 
fall. Meadow,  one  of  the  older  towns  of  Perkins  County,  is  in  sec. 
13  and  is  the  distributing  point  for  a  large  area  in  this  part  of  the 
field.  Mail  for  the  surrounding  country  is  brought  to  Meadow  from 
Lemmon,  35  miles  to  the  north,  by  daily  automobile  stage.  Wagon 
roads  of  the  best  type  are  to  be  foxmd  along  section  lines  in  this  part 
of  the  field. 

Lignite  is  exposed  at  three  places  in  the  township.  At  location 
1005,  in  sec.  11,  a  bed  reported  to  be  from  1  foot  2  inches  to  1  foot 
6  inches  thick  has  been  uncovered  and  several  loads  of  lignite  have 
been  removed.  At  location  1006,  in  sec.  36,  a  bed  1  foot  8  inches 
thick  with  a  2-inch  parting  near  tJie  middle  has  been  worked  by  the 
near-by  farmers.  At  both  mines  the  lignite  was  covered  by  water 
in  September,  1911,  and  detailed  sections  could  not  be  measured. 
At  location  1004  the  following  section  is  exposed: 


T.  19   N.,  R.  15  E. 
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SecUon  of  liffniU  bed  at  locatum  1004,  in  the  NE.  \  tec.  10,  T.  18  N.,  R,  15  E. 

Ft.  In. 

Lignite 4 

Shale,  brown 1  11 

Lignite 1  6 

Shale,  brown.  

Total  flection 3  9 

TotalUgnite 1  10 

T.  IS  v.,  B.  U  E. 

From  the  general  level  of  the  Big  Meadow  along  the  southern 
border  of  T.  19  N.,  R.  15  E.,  the  surface  slopes  gradually  in  a  north- 
westerly direction  toward  the  South  Fork  of  Grand  River,  which 
crosses  the  southern  part  of  the  township  to  the  northwest.  Two 
wide,  open  valleys  traverse  the  township  from  southeast  to  north- 
west and  receive  most  of  the  run-off  from  this  part  of  the  field. 
Although  the  surface  is  considerably  broken  by  ridges  and  valleys, 
the  soil  is  fertile  enough  to  encourage  cultivation,  and  at  the  time 
of  examination,  in  1911,  a  large  number  of  small  farms  had  been 
established  in  this  and  adjacent  townships.  Lemmon,  the  nearest 
railway  town,  on  the  Chicago,  Milwaukee  &  St.  Paul  Railway, 
about  25  miles  to  the  north,  is  the  shipping  point  for  this  part  of 
the  field. 

With  the  exception  of  small  areas  in  the  lowlands  in  the  northwest 
comer,  where  the  lower  part  of  the  Lance  formation  is  exposed,  the 
surface  rocks  of  the  township  belong  to  the  Ludlow  lignitic  member 
of  the  Lance.  The  lower  rocks  are  soft  clay  shale  and  form  a  poor 
soil,  but  the  sandy  shale  and  soft  sandstone  of  the  overlying  Ludlow 
lignitic  member  produce  a  fertile  sandy  loam  which  in  most  of  the 
area  is  grass-covered  or  cultivated.     Exposures  of  bedrock  are  scarce. 

A  bed  of  lignite  at  location  1009  (see  PI.  XI),  in  sec.  4,  at  the  base 
of  the  Ludlow  member,  has  been  mined  by  the  farmers  of  the  vicinity. 
From  8  to  10  feet  of  overburden  was  removed  with  a  scraper  in  order 
to  obtain  the  lignite. 

Thin  beds  of  Ugnite  are  exposed  at  two  other  locaUties  in  the  town- 
ship, but  their  outcrops  could  not  be  followed  far  beyond  the  places 
at  which  the  sections  were  measured: 

Sections  ofligniU  beds  in  T.  19  N.,  R.  15  E. 


Location  1007.  Sec.  84. 


Shale,  brown 1 

Lignite 

Shale,  brown 

Lignite 

Shale,  brown 1 

Lignite 1 

Shale,  brown.  — 


Ft.  in. 
9 
3 
6 
3 
6 
11 


Total  section 6      2 

TotalUgnite 2      5 


Location  1008.  Sec.  6. 

Shale,  drab. 

Lignite 

Shale,  carbonaceous 

Shale,  yellow,  sandy. 

Total  section 

Total  lignite 


Ft.  in. 

1      2 

4 


1 
1 


6 
2 


158        THE  UGNITB  FIELD  OF  NOETHWESTEBN  SOUTH  DAKOTA. 

That  the  lignite  beds  described  are  not  persistent  is  indicated  by 
the  fact  that  the  bed  exposed  in  sec.  34  is  not  present  in  a  well  152 
feet  deep  less  than  1  mile  to  the  southeast,  where  the  surface  is  not 
more  than  50  feet  higher  than  that  at  location  1007. 

T.  n  v.,  &.  u  E. 

The  South  Fork  of  Grand  River,  which  crosses  T.  20  N.,  R.  15  E., 
from  southwest  to  northeast,  follows  a  meandering  course  in  a  valley 
about  half  a  mile  in  width,  along  each  side  of  which  are  terraces 
standing  about  30  feet  above  the  present  river  channel.  Beyond  the 
terraces  the  surface  rises  in  rugged  hills  to  a  maximum  height  of  more 
than  200  feet  above  the  river.  Away  from  the  sandy  valley  bottoms 
the  land  is  in  many  places  under  cultivation,  although  the  surface  is 
too  uneven  to  make  ideal  farm  land.  The  route  of  the  automobile 
stage  between  Lemmon  and  Meadow  crosses  the  eastern  part  of  the 
township. 

The  valley  of  the  South  Fork  of  Grand  River  and  its  tributaries  is 
occupied  by  the  somber-<X)lored  shale  of  the  Lance  formation;  the 
highlands  on  each  side  are  formed  by  the  yellow  sandstone  and  sandy 
shale  of  the  Ludlow  lignitic  and  Cannonball  marine  members  of  the 
Lance. 

The  only  bed  of  lignite  that  outcrops  in  the  township  occurs  at 
the  base  of  the  Ludlow  member  and  has  been  mined  at  several  lo- 
calities. The  Eirkland  mine  at  location  1010  (see  PI.  XI),  in  sec.  23, 
consists  of  a  strip  pit  80  by  30  feet,  from  which  lignite  has  been 
mined  and  sold  to  near-by  farmers.  The  lignite  at  this  point  is  only 
2  feet  thick. 

The  Brady  mine  at  location  1014,  in  sec.  6  (see  PI.  XI),  on  the 
north  side  of  Lodgepole  Oeek,  was  worked  by  stripping  in  October, 
1911.  About  150  wagon  loads  of  lignite  had  been  removed  and 
sold  to  the  farmers  in  the  vicinity. 

About  the  same  amount  of  lignite  had  been  taken  from  a  mine 
a  short  distance  to  the  east  (location  1015),  which  when  visited  had 
been  abandoned,  probably  because  it  had  become  necessary  to 
strip  about  35  feet  of  overburden  in  order  to  obtain  lignite.  The 
bed  at  this  point  is  3  feet  7  inches  thick. 

An  area  about  50  by  100  feet  was  mined  out  at  a  small  strip  open- 
ing at  location  1013,  in  the  SW.  {,  sec.  6,  where  the  bed  shows  the 
following  section : 

Section  of  lignite  bed  at  location  1013,  in  sec.  6,  T.  20  N.,  R.  15  E. 

Shale,  bluiah,  sandy.                                                                       Ft.  in. 

Lignite 2 

Shale,  bluish,  sandy 2  2 

Lignite 3 

Shale,  dark  brown.  

Total  section 6  4 

Total  lignite 3  2 
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Measurements  of  the  bed  were  taken  at  several  other  places,  as 

follows: 

Ft.    iZL 

Locaaon  1011,  flee.  17 1  2 

Location  1012,  sec.  7 1  10 

Location  1016,  aec.  1 11 

Location  1017,  aec.  13 1  6 

T.  SI  v.,  &.  15  E. 

The  North  Fork  of  Grand  River  flows  across  T.  21  N.,  R.  15  E.,  in 
a  meandering  channel  cut  30  to  40  feet  below  the  terrace  level  on 
either  side  and  joins  the  main  river  in  sec.  26,  near  the  town  of  Seim. 
Away  from  the  main  terrace  the  surface  rises  in  a  grass-covered 
slope,  broken  here  and  there  by  small  areas  of  rough  topography  in 
which  the  bedrock  has  been  exposed  by  erosion.  Many  farmers  have 
settled  in  the  area  and  are  meeting  with  some  success  in  raising  small 
grains.  Seim,  a  small  town  in  sec.  26  on  the  stage  route  between 
\he  railway  at  Lemmon  and  Meadow,  to  the  south,  has  a  single  store 
and  a  creamery.  Being  less  than  15  miles  from  the  Chicago,  Mil- 
waukee &  St.  Paul  Railway,  to  the  north,  the  farmers  of  this  area  are 
within  easy  reach  of  a  market  for  their  produce. 

The  Ludlow  lignitic  member  of  the  Lance  formation  is  probably 
present  in  the  southern  part  of  the  township,  but  in  the  northern 
part  the  Cannonball  marine  member  of  the  Lance  directly  overlies 
the  lower  part  of  the  formation.  This  part  of  the  field  was  exam- 
ined in  dotal  prior  to  the  differentiation  of  the  Cannonball  and 
Ludlow  members,  but  it  seems  evident  that  in  this  general  region 
the  two  grade  laterally  into  each  other. 

A  bed  of  lignite  2  feet  5  inches  thick  is  exposed  at  the  base  of  the 
Ludlow  lignitic  member  at  location  101 7A  (see  PI.  XI),  in  sec.  32. 
It  is  probable  that  the  bed  of  lignite  which  is  mined  at  the  Brady 
mine,  in  sec.  6  of  the  township  to  the  south,  is  present  beneath  part 
of  sec.  31  of  this  township. 

TPB.  S2  AVD  2S  V.,  &.  IS  E. 

The  surface  from  the  south  boundary  of  T.  22  N.,  R.  15  E.,  north- 
ward to  the  North  Dakota  line,  may  be  characterized  as  a  prairie 
across  which  Flat  Creek  meanders  in  a  broad,  open  valley.  The 
difference  in  elevation  between  the  lowest  and  highest  points  in  this 
&rea  is  scarcely  more  than  100  feet.  The  sandy  loam  soil  has  attracted 
a  large  number  of  farmers,  and  at  the  time  the  field  was  visited  a  large 
part  of  the  area  was  under  cultivation.  All  the  area  is  within  easy 
reach  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway,  which  skirts 
the  region  along  the  North  Dakota  State  line. 

The  lower  part  of  the  Lance  formation,  the  Cannonball  marine 
member  of  the  Lance,  and  the  Fort  Union  formation  are  present  in 
these  townships.    The  contacts  are  very  obscure,  both  on  accotrnt 
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of  the  similarity  of  the  rocks  and  on  account  of  the  grass-covered 
condition  of  the  surface. 

A  single  bed  of  lignite  in  the  Fort  Union  formation  crops  out  in 
sec.  25,  T.  23  N.,  and  two  sections  were  measured.  At  location  1018 
the  bed  is  1  foot  5  inches  thick,  and  at  location  1019  it  is  1  foot  1  incln 
thick. 

TPS.  U  AVD  17  V.»  m.  U  B. 

Thxmder  Butte  Creek,  which  meanders  across  T.  16  N.,  R.  16  E., 
from  west  to  east  in  a  very  narrow  channel  several  feet  below  the 
average  vaUey  level,  drains  practicaDy  the  entire  area  of  this  town> 
ship  and  T.  17  N.,  R.  16  E.  A  laige  part  of  the  broad  valley  on 
both  sides  of  the  creek  is  nearly  barren  of  vegetation,  owing  to  the 
low  fertility  of  the  soil,  but  north  of  the  creek  the  soft  sandstone  and 
sandy  shale  which  occupy  the  uplands  yield  a  sandy  loam,  and  as  a 
consequence  the  surface  where  not  cultivated  is  grass-covered  and 
rock  exposures  are  scarce.  Coal  Springs,  the  only  town  in  this  area, 
is  one  of  the  older  towns  of  the  region.  Grass  covers  the  surface  of 
these  townships,  but  the  cut  banks  of  streams  furnish  numerous 
exposures  from  which  the  structure  and  character  of  the  rocks  wer« 
determined. 

The  Lance  is  the  surface  formation  of  this  area.  The  line  between 
the  Ludlow  lignitic  member  of  the  Lance  and  the  underlying  rocks 
is  extremely  difficult  to  follow,  but  by  a  study  of  the  soil,  which  in 
areas  of  the  Ludlow  is  more  sandy  and  yellowish  than  in  areas  where 
the  somber-colored  clay  shale  of  the  lower  part  of  the  formation  oc- 
curs, the  contact  between  the  two  parts  of  the  formation  can  be 
determined. 

The  only  exposure  of  lignite  is  in  sec.  24,  T.  17  N.,  where  a  thin 
bed  crops  out  in  the  side  of  the  valley,  with  the  following  section : 

Section  of  ligniU  bed  at  location  10^0  in  sec.  24,  T.  17  N.,  R.  16  E. 

Ft.  in. 

Shale,  yellowish,  sandy 8 

lignite,  poor 2 

Shale,  carbonaceous 6 

Lignite,  poor 8 

Shale,  brown.  

Total  section 2      0 

Total  lignite 10 

TPS.  18  AVD  19  H.,  B.  If  E. 

Tps.  18  and  19  N.,  R.  16  E.,  occupy  a  position  along  the  eastern 
edge  of  the  Big  Meadow.  The  western  part  of  each  township  is 
ahnost  level,  but  around  the  margin  of  the  typical  meadow  area  the 
surface  is  broken  and  numerous  small  streams  have  their  beginning. 
In  the  portions  of  the  townships  which  were  originally  occupied  by 
meadow  lands  there  are  a  large  number  of  well-established  farms 
with  good  buildings,  windmills,  etc.,  and  only  a  few  uncultivated 


TPS.  18  AND  19  N.,  R.  16  E.  161 

tracts  remain.  In  this  area,  as  in  the  rest  of  the  meadow  coimtry, 
good  wagon  roads  are  to  be  found  along  nearly  every  section  line. 
Meadow,  one  of  the  principal  towns  of  Perkins  Comity,  is  in  sec.  13, 
T.  18  N.,  R.  15  E.,  and  is  the  distributing  point  for  all  the  eastern 
part  of  the  coimty,  being  connected  with  the  Chicago,  Milwaukee  & 
St.  Paul  Railway,  35  miles  to  the  north,  by  daily  automobile  stage. 

The  upland  is  formed  of  rocks  of  the  Ludlow  lignitic  member  of  the 
Lance  formation,  and  exposures  are  exceedingly  scarce.  In  the  east- 
em  part  of  these  townships  where  the  surface  rocks  belong  to  the 
lower  part  of  the  formation,  exposures  are  more  numerous  than 
elsewhere.  To  judge  from  data  collected  in  these  and  adjacent  town- 
ships, the  dip  of  the  rocks  is  northward  at  about  15  feet  to  the  mile. 

Near  the  contact  between  the  two  members  of  the  Lance  there  are 
at  different  locaUties  one  or  more  beds  of  lignite  that  have  been 
mined  on  a  small  scale.  Anderson  mine,  located  at  the  "  Coal  Springs,' ' 
in  sec.  35,  T.  17  N.  Gocation  1021 ;  see  PI.  XI),  is  one  of  the  oldest  coal 
openings  in  northwestern  South  Dakota,  but  only  a  comparatively 
small  amoimt  of  lignite  has  been  mined  and  sold,  probably  owing  to 
the  fact  that  the  bed  is  badly  split  by  shale  partings.  Todd,^  in  1902, 
visited  this  part  of  the  region  and  measured  a  section  of  the  bed. 
East  of  the  Anderson  mine,  in  sec.  36,  T.  17  N.  (section  1022,  PI.  XI), 
there  is  a  small  strip  pit  from  which  some  of  the  farmers  mined  coal 
for  their  own  use  in  1910-11,  but  the  bed  here  is  of  little  value. 

The  Cooke  mine,  at  location  1025,  in  sec.  15,  T.  17  N.,  is  an  open- 
strip  pit  from  which  considerable  Ugnite  was  being  mined  and  sold 
to  the  near-by  farmers  in  1011.  The  bed  at  this  locality  is  separated 
into  three  thhi  benches  by  thick  partings  of  shale.  (See  section  145, 
PI.  XI.)  Along  the  side  of  the  valley  about  a  quarter  of  a  mile  north 
of  the  Cooke  mine  the  upper  bed  is  slightly  thicker,  containing  at 
location  1024  1  foot  6  inches  of  lignite.  At  location  1026,  in  sec.  4, 
T.  17  N.,  a  small  amount  of  lignite  had  been  removed  by  stripping 
from  a  bed  1  foot  1 1  inches  thick. 

In  sec.  25,  T.  18  N.,  R.  16  E.,  is  a  lignite  bed,  of  which  the  following 
section  was  measured : 

Section  of  lignite  bed  at  location  1023 ^  sec,  25,  T.  18  N.,  R.  16  E, 

Ft.  In. 

Lignite,  top  not  exposed 9 

Shale,  carbonaceous 8 

Lignite 5 

Shale,  brown.  

Total  section 1  10 

Total  lignite 1  2 

Other  sections  measured  in  these  townships  are  shown  graphically 
on  Plate  XI. 

*  Todd,  J.  E.,  South  Dakota  Geol.  Survey  Bull.  4,  p.  50, 1910 
24015^— Bull.  627—16 11 
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TPB.  aO,  SI,  S2,  AVD  23  H.,  B.  16  Z. 

The  area  included  in  Tps.  20,  21,  22,  and  23  N.,  R.  16  E.,  lies 
between  the  northern  edge  of  the  Big  Meadow  and  the  North  Dakota 
State  line  and  embraces  a  territory  of  more  or  less  uniform  topographic 
expression.  The  South  Fork  of  Grand  River,  which  flows  from  west 
to  east  across  T.  21  N.,  occupies  a  comparatively  narrow  channel  and 
receives  the  drainage  from  the  entire  area.  To  the  south,  the  surface 
rises  rather  abruptly  in  rough  badlands,  so  that  an  elevation  of  nearly 
300  feet  above  the  river  level  is  reaqhed  in  some  places  within  a  mile 
of  the  river  bank.  To  the  north,  however,  conditions  are  difl^erent. 
A  terrace  nearly  100  feet  high  rises  very  abruptly  from  the  river, 
beyond  which  the  surface  is  nearly  level  for  a  distance  of  more  than 
a  mile,  and  thence  the  altitude  increases  gradually  until  the  maximum 
is  reached  at  a  distance  of  at  least  10  miles  from  the  river. 

By  far  the  greater  portion  of  the  area  has  been  cultivated,  and 
fairly  good  crops  of  small  grains  may  be  raised.  Lemmon,  the  lai^est 
town  in  northwestern  South  Dakota  (population  1,200),  is  on  the 
north  line  of  the  State  in  sees.  20  and  21,  T.  23  N.,  on  the  Chicago, 
Milwaukee  &  St.  Paul  Railway.  Two  important  stage  routes  start 
from  Lemmon,  and  as  it  is  the  only  town  on  the  railway  in  this  region, 
it  forms  the  shipping  point  for  produce  from  nearly  all  of  Perkins 
County  as  well  as  a  considerable  area  in  North  Dakota.  Excellent 
roads  follow  nearly  every  section  line  and  connect  all  parts  of  the 
area. 

Along  the  valley  of  Grand  River  the  soft  somber-colored  shales  of 
the  lower  part  of  the  Lance  formation  are  exposed  at  a  number  of 
places  where  recent  erosion  has  dissected  the  surface.  Within  a  short 
distance  of  the  river  the  semibarren  surface  formed  by  these  rocks  is 
replaced  by  the  grass-covered  area  in  which  tiie  deep  mantle  of  soil 
is  the  result  of  the  disintegration  of  the  sandy  shale  and  soft  sand- 
stone of  the  overlying  Ludlow  lignitic  member  of  the  Lance.  In  the 
higher  land  north  of  the  river  the  Cannonball  marine  member  of  the 
Lance  and  the  Fort  Union  formation  are  the  surface  rocks,  but  the 
line  between  them  is  very  obscure  and  its  location  is  based  maiidy  on 
topography. 

Local  lenses  of  hgnite  are  exposed  at  two  places  near  the  top  of  the 
lower  part  of  the  Lance.  At  location  1028,  in  sec.  34,  T.  21  N.,  R. 
16  E.,  a  bed  1  foot  6  inches  thick  is  exposed  near  the  mam  freight 
road  between  Lemmon  and  the  country  to  the  south.  At  location 
1029  (see  PI.  XI),  in  sec.  17  of  the  same  township,  a  bed  1  foot  1  inch 
thick  is  exposed  along  the  side  of  a  small  valley.  At  this  pomt  the 
overburden  has  been  stripped  in  a  small  area  and  a  few  wagon 
loads  of  hgnite  have  been  removed  for  use  among  the  farmers  of  the 
vicinity. 
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TPS.  80,  SI,  S8,  AVD  23  N.,  B.  16  E. 

The  area  included  in  Tps.  20,  21,  22,  and  23  N.,  R.  16  E.,  lies 
between  the  northern  edge  of  the  Big  Meadow  and  the  North  Dakota 
State  line  and  embraces  a  territory  of  more  or  less  uniform  topographic 
expression.  The  South  Fork  of  Grand  River,  which  flows  from  west 
to  east  across  T.  21  N.,  occupies  a  comparatively  narrow  channel  and 
receives  the  drainage  from  the  entire  area.  To  the  south,  the  surface 
rises  rather  abruptly  in  rough  badlands,  so  that  an  elevation  of  nearly 
300  feet  above  the  river  level  is  reaqhed  in  some  places  within  a  mile 
of  the  river  bank.  To  the  north,  however,  conditions  are  different. 
A  terrace  nearly  100  feet  high  rises  very  abruptly  from  the  river, 
beyond  which  the  surface  is  nearly  level  for  a  distance  of  more  than 
a  mile,  and  thence  the  altitude  increases  gradually  until  the  maximum 
is  reached  at  a  distance  of  at  least  10  miles  from  the  river. 

By  far  the  greater  portion  of  the  area  has  been  cultivated,  and 
fairly  good  crops  of  small  grains  may  be  raised.  Lemmon,  the  largest 
town  in  northwestern  South  Dakota  (population  1,200),  is  on  tlie 
north  line  of  the  State  in  sees.  20  and  21,  T.  23  N.,  on  the  Chicago, 
Milwaukee  &  St.  Paul  Railway.  Two  important  stage  routes  start 
from  Lemmon,  and  as  it  is  the  only  town  on  the  railway  in  this  region, 
it  forms  the  shipping  point  for  produce  from  nearly  all  of  Perkins 
County  as  well  as  a  considerable  area  in  North  Dakota.  Excellent 
roads  follow  nearly  every  section  line  and  connect  all  parts  of  the 
area. 

Along  tlie  valley  of  Grand  River  the  soft  somber-colored  shales  of 
the  lower  part  of  the  Lance  formation  are  exposed  at  a  number  of 
places  where  recent  erosion  has  dissected  the  surface.  Within  a  short 
distance  of  the  river  the  semibarren  surface  formed  by  these  rocks  is 
replaced  by  the  grass-covered  area  in  which  tiie  deep  mantle  of  soil 
is  the  result  of  the  disintegration  of  the  sandy  shale  and  soft  sand- 
stone of  the  overlying  Ludlow  lignitic  member  of  the  Lance.  In  the 
higher  land  north  of  the  river  the  Cannonball  marine  member  of  the 
Lance  and  the  Fort  Union  formation  are  the  surface  rocks,  but  the 
line  between  them  is  very  obscure  and  its  location  is  based  mainly  on 
topography. 

Local  lenses  of  hgnite  are  exposed  at  two  places  near  the  top  of  the 
lower  part  of  the  Lance.  At  location  1028,  in  sec.  34,  T.  21  N.,  R. 
16  E.,  a  bed  1  foot  6  inches  thick  is  exposed  near  the  main  freight 
road  between  Lemmon  and  the  country  to  the  south.  At  location 
1029  (see  PI.  XI),  in  sec.  17  of  the  same  township,  a  bed  1  foot  1  inch 
thick  is  exposed  along  the  side  of  a  small  valley.  At  this  point  the 
overburden  has  been  stripped  in  a  small  area  and  a  few  wagon 
loads  of  lignite  have  been  removed  for  use  among  the  farmers  of  the 
vicinity. 
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At  location  1027,  in  sec.  19,  T.  20  N.,  the  horizon  at  the  top  of  the 
lower  part  of  the  Lance,  at  which,  in  many  places,  there  are  valuable 
lignite  beds,  is  represented  by  9  inches  of  lignite. 

T.  17  H..  &.  17  E. 

The  gently  undulating,  semibarren  surface  of  T.  17  N.,  R.  17  E., 
is  broken  near  the  center  by  a  series  of  low,  flat-topped  hills  which 
rise  more  than  100  feet  above  the  average  altitude  of  this  part  of 
the  field.  Numerous  farmers  have  settled  in  this  township,  in  spite 
of  the  fact  that  soil  derived  from  the  clay  shale  does  not  make 
especially  good  farm  land. 

The  Ludlow  Ugnitic  member  of  the  Lance  formation  is  exposed  in 
the  rather  prominent  hills  near  the  center  of  the  township,  but  the 
surface  rock  in  the  rest  of  the  area  belongs  to  the  lower  part  of  the 
Lance  formation.  A  single  lignite  bed  near  the  base  of  the  Ludlow 
member  is  exposed  at  several  places.  A  small  drift  mine  at  location 
1032  (see  PL  XI),  in  sec.  16,  known  locally  as  the  School  Section 
mine,  has  been  operated  by  the  ranchers  and  farmers.  Two  drifts, 
each  about  75  feet  long,  have  been  driven  along  the  bed,  but  as  the 
lignite  has  been  mined  by  each  ranchman  for  his  own  use  no  sys- 
tematic development  has  taken  place.  A  small  strip  mine  was  opened 
during  the  summer  of  1911,  at  location  1031,  in  sec.  20,  but  at  the 
time  of  examination  only  a  small  amount  of  lignite  had  been  removed. 
Sections  of  the  lignite  beds  exposed  in  this  township  are  shown  on 
Plate  XI  (locations  1030  to  1032). 

TPS.  18,  19,  SO,  21,  22,  AlTD  2S  H.,  B.  17  E. 

In  the  area  comprising  the  fractional  townships  along  the  eastern 
edge  of  the  field  the  land  south  of  South  Fork  of  Grand  River  is 
semibarren,  locally  dissected  into  badlands  by  recent  erosion,  and 
therefore  of  little  value  for  farming.  However,  a  large  number  of 
settlers  have  taken  up  land  in  the  area  and  their  efforts  to  raise  crops 
of  small  grains,  potatoes,  etc.,  are  in  some  places  being  rewarded  by 
success.  North  of  the  river  the  surface  rises  gradually  in  a  more  or 
less  grass-covered  country,  traversed  from  north  to  south  by  two 
main  open  valleys.  The  soil  in  the  lowlands  area  is  derived  from 
the  clay  shale  of  the  Lance  formation,  but  on  the  hills  and  slopes  the 
overlying  Ludlow  lignitic  and  Cannonball  marine  members  of  the 
Lance  and  the  Fort  Union  formation  furnish  the  soil  constituents 
and  as  a  result  the  soil  is  sandy  and  more  productive.  In  the  upland 
area  the  mantle  of  soil  is  thick  and  there  are  practically  no  rock 
exposures  from  which  to  judge  the  bedrock  conditions. 

Lignite  is  exposed  at  only  one  place  in  the  area  (location  1033,  in 
sec.  3,  T.  21  N.,  R.  17  E.),  and  in  October,  1911,  the  farmers  of  the 
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vicinity  were  mining  lignite  there  for  their  own  use.  The  bed,  which 
has  the  following  section,  is  near  the  top  of  the  lower  part  of  the 
Lance  formation: 

Section  of  ligniU  bed  at  location  lOSS,  in  sec,  S,  T,  21  N.,  R.  17  E, 

Shale,  sandy.                                                                                 Ft.  in. 

Lignite 9 

Shale,  drab 3 

Lignite 1  4 

Shale,  brown.  

Total  section 2  4 

Total  lignite 2  1 
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GEOLOGY  AND  COAL  RESOURCES  OF  CASTLE  VALLEY 
IN  CARBON,  EMERY,  AND  SEVIER  COUNTIES,  UTAH. 


By  CHARIiES  T.  LUPTON. 


INTRODUCTION. 

GENEBAL  STATEMENT. 

Castle  Valley  includes  parts  of  Carbon,  Emery,  and  Sevier  coun- 
ties and  is  situated  between  the  Wasatch  Plateau  and  the  San  Rafael 
Swell,  in  the  east-central  part  of  Utah.  (See  PL  XII  and  index 
map,  fig.  1.)  The  outcrops  of  the  coal-bearing  rocks  and  adjacent 
formations  of  the  Book  Cliffs  were  mapped  and  studied  by  Richard- 
son ^  from  Grand  River,  Colo.,  westward  and  northwestward  to  the 
north  end  of  Castle  Valley.  The  writer  traced  from  north  to  south 
the  lowest  formations  studied  by  Richardson,  beginning  near  Mounds 
(Sunny side  Junction),  on  the  Denver  &  Rio  Grande  Railroad,  and 
ending  about  80  miles  to  the  southwest  in  T.  26  S.,  R.  4  E.,  at  the 
north  end  of  Thousand  Lake  Mountain. 

The  rocks  designated  in  this  report  the  Ferron  sandstone  member 
of  the  Mancos  shale  contain  the  more  important  coal  beds  at  the  south 
end  of  Castle  Valley  east  and  south  of  Emery,  but  in  the  northern 
part  of  the  area  they  contain  no  coal.  Near  Mounds  these  rocks 
consist  of  approximately  75  feet  of  soft  yellowish  sandstone  char- 
acterized by  a  concretion-bearing  stratum.  Plate  I,  A,  shows  the 
character  of  the  topography  where  these  rocks  crop  out  near  Mounds. 
This  sandstone  increases  in  thickness  toward  the  southwest,  from 
about  75  feet  at  Mounds  to  about  800  feet  at  Last  Chance  Creek. 
(See  columnar  sections  in  PL  IV,  p.  32.)-  The  character  of  the 
surface  in  this  locality  is  shown  in  Plate  I,  B.  In  the  southern  part 
of  the  field  14  coal  beds  are  exposed  in  these  rocks.  This  coal  has 
been  described  briefly  by  Taff,*  who  examined  a  few  prospects  and 
mines  south  of  Emery  in  1905  during  his  investigation  of  the  higher 
(Mesaverde)  coal-bearing  rocks  along  the  east  scarp  of  the  Wasatch 
Plateau. 

^Richardson,  O.  B.,  Reconnaissance  of  the  Book  Cliils  coal  field  between  Qrand  River, 
Colo.,  and  Snnnyside,  Utah :  U.  8.  Geol.  Surrey  Bull.  371.  1909. 

'^aff,  J.  A.«  Book  Cliffs  coal  field*  Utah,  west  of  Green  River:  U.  S.  Geol.  Survey  Bull. 
285,  p.  301,  1906, 
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GEOLOGY  AND  COAL  RESOURCES  OF  CASTLE  VALLEY,  UTAH. 

OBJECT  OF  INVESTIGATION. 


The  primary  object  of  this  examination  was  to  determine  the 
quality  and  quantity  of  the  coal  in  order  that  the  land,  part  of  which 
had  been  withdrawn  from  all  forms  of  entry,  might  be  classified, 
valued,  and  restored  to  entry.     The  method  of  determining  the 


FiGOBB  1. — Index  map  of  Utah  showing  location  of  Castle  Valley  and  the  Emery  coal  field. 

quality  and  quantity  of  the  coal  is  discussed  fully  under  "  Method  of 
field  work  "  (pp.  10-11) .  A  secondary  purpose  of  the  investigation  was 
to  collect  geologic  information  regarding  this  region,  of  which  little 
was  definitely  known.  The  age,  character,  and  thickness  of  the 
coal-bearing  formations,  and  their  relations  to  the  underlying  and 
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overlying  rocks  were  studied.  Fossils  materially  aid  in  determin- 
ing geologic  age,  and  a  careful  search  along  the  outcrop  was  made 
for  them.  Data  regarding  the  character  and  thickness  of  a  forma- 
tion are  collected  by  carefully  measuring  and  describing  the  various 
strata  that  compose  it.  The  relations  of  contiguous  formations  are 
determined  by  an  examination  of  the  contact  line  separating  them.  - 
The  criteria  that  are  usually  relied  upon  as  proof  of  a  time  interval 
betw.een  the  periods  of  deposition  of  adjacent  formations  are  (1)  a 
discordance  in  the  dip  of  the  strata,  (2)  erosion  channels,  and  (3) 
conglomerate.  On  the  other  hand,  if  the  strata  accord  in  dip  and 
there  are  no  signs  of  an  erosional  stage,  fossils  collected  immediately 
above  and  below  a  contact  Une  are  often  of  importance  in  determin- 
ing whether  or  not  the  beds  are  conformable. 

HISTOBY. 

From  50  to  60  miles  of  the  old  Spanish  Trail,  which  extended 
from  Santa  Fe,  N.  Mex.,  to  Monterey,  Cal.,  at  the  time  these  places 
were  centers  of  Spanish  civilization  on  this  continent,  lies  in  Castle 
Valley.  The  coal  in  this  field  may  or  may  not  have  been  known  at 
the  time  this  trail  was  used  extensively. 

Capt.  J.  W.  Gunnison,  of  the  Corps  of  Topographic  Engineers,^ 
traversed  Castle  Valley  from  north  to  south  in  the  early  part  of 
October,  1853,  on  the  way  to  Sevier  Valley,  where  he  and  several 
of  his  party  were  killed  by  Indians  a  few  days  after  passing  through 
this  field.  Lieut.  E.  G.  Beckwith,  who  wrote  the  report  of  this  ex- 
pedition, states,  in  his  journal  for  October  11,  1853 :  "  Specimens  of 
coal  were  brought  in  from  the  hills  near  the  camp,  Capt.  Gunni- 
son and  Dr.  Schiel  differing  in  opinion  as  to  its  quality."  The 
party  was  camped  at  this  date  near  the  north  end  of  the  Emery  coal 
field,  about  3  miles  east  of  Emery,  approximately  in  sec.  12,  T.  22 
S.,  R.  6  E.  So  far  as  known  this  is  the  first  published  reference  to 
the  coal  in  this  field. 

During  the  summer  of  1873  Lieut.  E.  L.  Hoxie,*  Corps  of  Engi- 
neers, and  his  party  mapped  the  topography  and  geology  of  east- 
central  and  south-central  Utah,  Their  route  of  travel  led  south- 
ward through  Castle  Valley  and  across  this  coal-bearing  area.  E.  E. 
Howell,*  who  was  with  this  party  as  geologist,  referred  to  the 
coal  in  Castle  Valley  and  along  Muddy  Creek.  Robert  Forrester* 
described  briefly  the  coal  on  Quitchuppah  and  Ivie  creeks  and  gave 
proximate  analyses  of  both  the  "top  vein"  (bed  I?)  and  the  "bot- 

1 U.  S.  Pacific  B,  R.  Bxpl.,  vol.  2,  pp.  62-66,  1855. . 

»  Wheeler,  G.  M.,  U.  S.  Geog.  Surveys  W.  100th  Mer.  Ann.  Kept,  for  1874,  p.  5,  1874. 
«  Wheeler,  G.  M.,  U.  8.  Geog.  Surveys  W.  100th  Mer.  Final  Bept.,  vol.  3,  pp.  277,  279, 
1875. 

A  C.  S.  Geol.  Survey  Mineral  Resources,  1892,  pp.  518-519,  1893. 
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torn  yein^'  (bed  C?).  He  considered  these  coals  to  be  in  a  down- 
faulted  portion  of  the  Montana  group,  which  is  represented  in  part 
by  the  Mesaverde  formation  in  the  Wasatch  Plateau,  a  few  miles 
to  the  west.  This  classification  has  been  the  topic  of  considerable 
debate  by  those  familiar  with  the  coals  of  this  part  of  Utah.  J.  A. 
Taff^  in  1905  examined  the  coal-bearing  rocks  along  the  east  face 
of  the  Wasatch  Plateau  and  also  noted  the  coal  at  the  south  end  of 
Castle  Valley  described  in  the  present  report. 

METHOD  OF  XTELD  WOBK. 

This  report  is  based  on  a  detailed  examination  of  the  coal  beds, 
of  the  geologic  formations  in  which  the  coal  occurs,  and  of  some  of 
the  overlying  and  underlying  formations.  Field  work  was  begun 
near  Mounds,  on  the  Denver  &  Bio  Orande  Bailroad,  July  17,  1911, 
and  was  terminated  at  Ivie  Creek  on  October  7  of  the  same  year. 
That  part  of  the  coal  field  lying  south  of  Ivie  Creek  was  examined 
from  September  9  to  November  3,  1912.  Detailed  work  on  the  coal 
beds  in  the  vicinity  of  and  30  miles  south  of  Emery  (see  PL  X,  p.  74) 
was  done  from  September  8  to  October  7, 1911,  and  from  September 
9  to  November  3, 1912. 

A  system  of  triangulation  was  developed  over  the  area  as  an  aid 
in  mapping  surface  features  other  than  coal,  such  as  roads,  trails, 
houses,  streams,  and  rock  ledges.  North  of  Ivie  Creek  this  primary 
control  was  established  by  means  of  a  24-inch  Johnson  plane  table 
and  a  Gale  telescopic  alidade  on  a  scale  of  1  inch  to  1  mile. 

The  outcrop  of  each  coal  bed  was  mapped  with  relation  to  land 
corners  and  the  thickness  of  the  coal  beds  was  measiured  at  as  many 
places  as  seemed  necessary  in  order  to  obtain  accurate  information 
regarding  the  variations  in  character  and  thickness.  Many  Govern- 
ment comer  monuments  near  the  coal  outcrops  were  located,  and 
enough  others  were  found  some  distance  from  the  coal  outcrops  to 
enable  the  accurate  mapping  of  the  Emery  coal  field.  The  coal  beds 
from  the  vicinity  of  Emery  at  the  north  edge  of  the  field  southward 
to  Willow  Creek,  except  in  a  small  area  north  of  Ivie  Creek  and 
west  of  Quitchuppah  Creek,  were  mapped  by  means  of  a  15-inch 
Bmnstead  plane  table  and  a  Gale  alidade  on  a  scale  of  2  inches  to  1 
mile.  (See  PI.  X.)  Mines,  prospects,  and  points  at  which  the  coal 
beds  were  measured  were  located  by  stadia.  The  coal  beds  and 
geologic  boundaries  between  Ivie  and  Quitchuppah  creeks  were 
located  by  triangulation  at  the  time  the  piimary  control  was 
obtained.  That  part  of  the  coal  field  lying  south  and  southwest  of 
Willow  Creek  was  mapped  by  the  triangulation  method  on  a  scale  of 
2  inches  to  1  mile.  Samples  of  coal  for  analysis  (see  p.  80)  were 
collected  at  seven  places  and  represent  the  three  principal  coal  beds 

>  Op.  cit..  pp.  280-302. 
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(A,  C,  and  I)  in  the  field.  (See  table  of  analysis,  p.  80.)  The 
geologic  unit  in  which  the  coals  occur  was  examined,  and  sections 
of  these  rocks  were  measured  at  different  places.  Fossils  were  col- 
lected wherever  possible  and  are  listed  under  "Geology"  (pp. 
19-43) .  Formations  overlying  and  underlying  the  coal-bearing  rocks 
were  studied,  and  sections  of  them  were  measured  in  detail  in  order 
to  obtain  a  general  conception  of  the  geologic  column  in  this  vicinity. 
A  geolo^c  section,  from  the  lowest  rocks  observed  by  the  writer  in 
the  interior  of  the  San  Rafael  Swell,  lying  to  the  east,  to  the  highest 
rocks  on  top  of  the  Wasatch  Plateau,  a  few  miles  to  the  west,  is  given 
by  formations  under  "Stratigraphy"  (pp.  19-39). 

LAND  SUBVSY. 

Castle  Valley,  the  greater  part  of  which  has  been  subdivided  into 
ejections,  was  surveyed  with  relation  to  the  Salt  Lake  base  and  merid- 
ian. Nearly  all  of  this  work  was  done  by  A.  D.  Ferron,  after  whom 
the  town  of  Ferron,  in  Emery  County,  was  named.  The  coal-bearing 
portion  of  the  area  included  within  Tps.  21,  22,  23,  24,  25,  and  26  S., 
Rs.  4,  5,  6,  and  7  £.,  is  described  in  greater  detail  than  the  remainder 
of  the  field,  which  lies  to  the  north  and  northeast  of  Emery.  The 
southeastern  part  of  T.  21  S.,  R.  6  E. ;  T.  21  S.,  R.  7  E.,  except  the 
southeastern  part ;  T.  22  S.,  R.  6  E.,  except  about  four  sections  in  the 
northwestern  part;  and  the  northwestern  part  of  T.  23  S.,  R-  6  E., 
were  surveyed  by  Mr.  Ferron  in  July  and  August,  1873.  In  May, 
1881,  T.  23  S.,  R.  6  E.,  except  the  northwestern  part,  was  subdivided 
by  the  same  surveyor.  The  eastern  part  of  T.  22  S.,  R.  5  E.,  and  the 
north  half  of  T.  24  S.,  R.  5  E.,  were  subdivided  by  Mr.  Ferron  in 
August  and  October,  respectively,  1890.  Mr.  Ferron  and  A.  Jessen 
subdivided  the  east  half  of  T.  26  S.,  R.  4  E.,  in  November,  1892,  and 
in  June,  1895,  they  surveyed  the  east-central  part  of  T.  25  S.,  R.  4 
E.  In  July,  1896,  A.  P.  Hanson  made  a  survey  of  the  south-central 
and  west-central  parts  of  T.  25  S.,  R.  5  E.  The  survey  of  the  north- 
eastern part  of  T.  23  S.,  R.  6  E.,  was  completed  in  November,  1909, 
by  Mr.  Ferron.  All  this  work  was  done  under  the  contract  system. 
The  two  remaining  tracts  of  the  Emery  coal  field  (see  PI.  X,  p.  74), 
the  southeastern  part  of  T.  21  S.,  R.  7  E.,  and  all  of  T.  22  S.,  R.  7  E., 
were  subdivided  in  May,  1910,  by  H.  W.  Miller  and  A.  Nelson,  who 
were  in  the  direct  employ  of  the  General  Land  Office.  Under  the 
contract  system  the  section  and  quarter-section  comers  are  marked 
by  stone  monuments,  a  large  number  of  which  are  still  in  place  and 
easily  read.  The  comers  in  the  areas  surveyed  in  1910  by  the  Gen- 
eral Land  Office  are  marked  by  iron  pipes  with  copper  caps  on  which 
the  positions  of  the  monuments  are  recorded. 

The  recent  surveys  in  Tps.  21  and  22  S.,  R.  7  E.,  and  T.  23  S.,  R. 
6  E.,  and  the  results  of  the  triangulation  and  stadia  work  of  the 
geologic  party  in  1911  and  1912  seem  to  indicate  that  the  lines  of  the 
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older  surveys  are  in  places  sli^tly  longer  than  those  given  on  the 
township  plats. 

The  land  net  at  the  south  end  of  the  coal-bearing  area  in  Tps.  24 
and  25  S.,  Rs.  4  and  5  E.,  as  shown  on  the  accompanying  maps 
(Pis.  X  and  XII),  differs  fr<Hn  that  which  is  given  on  the  General 
Land  Office  plats  of  these  townships.  A  sufficient  number  of  Gov- 
ernment comers  were  located  by  the  triangulation  method  used  by 
the  writer  to  prove  definitely  that  the  line  connecting  the  comers 
between  T.  25  S.,  R.  4  E.,  and  T.  25  S.,  R.  5  E.,  and  that  part  of 
T.  25  S.,  R.  5  E.,  which  was  surveyed  with  relation  to  that  line,  are 
about  850  feet  west  of  the  positions  indicated  on  the  Land  Office 
plats,  thus  narrowing  the  width  of  the  east  tier  of  sections  of  T.  25 
S.,  R.  4  E.,  by  that  amount.  In  the  construction  of  the  accompany- 
ing maps  (Pk.  X  and  XII)  the  northeast  comer  of  T.  25  S.,  R.  4  E., 
and  the  corresponding  comer  of  T.  24  S-,  R.  4  E.,  were  connected  by 
a  straight  line  whose  bearing  is  greater  than  that  (S.  4°  W.)  indi- 
cated on  the  Land  Office  plat  of  T.  24  S.,  R-  6  E.  The  change  in  the 
bearing  of  this  line  necessarily  makes 'the  east- west  dimensions  of 
the  west  tier  of  sections  in  T.  24  S.,  R.  5  E.,  greater  than  those  given 
on  the  township  plat.  The  discrepancy  above  described  is  attributed 
by  A.  D.  Ferron,  who  ran  the  line  between  Rs.  4  and  5  E.  through 
Tps.  24  and  25  S.,  to  the  short  chaining  of  the  fifth  standard  parallel 
south. 
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GEOGRAPHY. 

POSITION  AND  EXTENT. 

The  area  mapped  in  Castle  Valley  extends  S.  30®  W.  from  Mounds 
and  lies  between  meridians  110°  30'  and  111°  20'  W.  and  parallels 
38°  35'  and  39°  30'  N.  The  entire  field  is  about  80  miles  long,  ranges 
from  10  to  20  miles  in  width,  and  includes  about  1,000  square  miles. 
The  index  map  (fig.  1)  shows  the  relative  position  of  this  area  in  the 
State.    The  geology  of  the  entire  valley  is  represented  on  Plate  XII. 
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That  part  of  Castle  Valley  known  as  the  Emery  coal  field  is  shown 
in  detail  on  Plate  X. 

The  Emery  coal  field  is  at  the  south  end  of  Castle  Valley,  between 
meridians  111^  8'  and  111°  20'  W.  and  parallels  38°  35'  and  39^  N. 
The  greater  part  of  this  area  lies  along  the  west  side  of  Emery 
Comity  south  of  the  middle,  the  remainder  being  included  in  the 
southeastern  part  of  Sevier  County.  This  coal  field  is  about  25  miles 
long  from  north  to  south,  and  22  miles  wide  from  east  to  west,  and 
includes  about  800  square  miles  of  land  underlain  by  coal. 

SETTLEHENTS. 

The  principal  settlements  in  that  part  of  Castle  Valley  described 
in  this  report  are,  in  order  from  north  to  south,  Wellington,  Farnham, 
Mounds,  Victor,  Desert  Lake,  Cleveland,  Huntington,  Lawrence, 
Castledale,  Orangeville,  Clawson,  Ferron,  Molen,  Rochester,  and 
Emery.  Wellington,  on  the  Denver  &  Bio  Grande  Bailroad,  in  sees. 
6  and  7,  T.  15  S.,  B.  11  E.,  has  a  population  of  about  375  people. 
Farnham  is  a  flag  station  on  the  railroad  in  sec.  22,  T.  15  S.,  B.  11  E. 
Mounds,  in  the  SE.  i  SE.  i  sec.  5,  T.  16  S.,  B.  12  E.,  is  at  the  junction 
of  the  Sunnyside  branch  and  the  main  line  of  the  Denver  &  Bio 
Grande  Bailroad.  It  has  a  population  of  about  50  persons  and  con- 
sists of  a  few  houses  and  a  railroad  station.  Victor,  in  the  S.  \  sec.  29, 
T.  16  S.,  B.  11  E.,  and  Desert  Lake,  in  the  N.  i  sec.  11,  T.  17  S.,  B.  10 
E.,  are  small  settlements,  each  containing  less  than  100  inhabitants. 
Victor  has  a  store  and  both  have  post  offices.  The  town  of  Cleveland 
is  in  T.  17  S.,  on  both  sides  of  the  line  separating  Bs.  9  and  10  E.,  in 
sees.  18  and  18,  respectively.  The  200  or  more  inhabitants  support 
two  or  three  stores  and  a  good  school.  Huntington,  the  oldest  settle- 
ment in  the  valley,  has  a  population  of  about  800  persons,  and  is  on 
Huntington  Creek  in  T.  17  S.,  on  both  sides  of  the  line  separating 
Es,  8  and  9  E.,  in  sees.  24  and  25  and  sees.  19  and  30,  respectively. 
This  town  is  the  center  of  a  prosperous  farming  community  and  is 
well  supplied  with  schools,  churches,  hotels,  and  stores.  Lawrence 
has  about  80  inhabitants  and  a  dozen  or  more  houses  on  Huntington 
Creek,  mainly  in  sees.  32  and  33,  T.  17  S.,  B.  9  E.  Castledale,  the 
county  seat  of  Emery  County,  is  on  Cottonwood  Creek,  in  sees.  33  and 
34,  T.  18  S.,  B.  8  E.  The  700  or  more  inhabitants  support  schools, 
hotels,  churches,  and  numerous  stores.  The  town  is  lighted  by  elec- 
tricity and  has  the  only  academy  in  the  southeastern  part  of  Utah. 
Orangeville  (not  shown  on  the  map),  with  a  population  of  about  650, 
is  also  on  Cottonwood  Creek,  about  3J  miles  northwest  of  Castle- 
dale, in  the  southwestern  part  of  the  same  township.  Clawson  is  a 
small  hamlet  in  sec.  26,  T.  19  S.,  B.  7  E.  It  supports  a  church,  school, 
and  small  store.    The  settlers  receive  their  mail  by  means  of  a  ^^  star  " 


14         GEOLOGY  AND  COAL  RESOUKCES  OF  CASTLE  VALLEY,  UTAH. 

mail  route  out  of  Castledale.  Ferron,  on  Ferron  Creek,  mainly  in 
sees.  9  and  10,  T.  20  S.,  B.  7  E.,  has  a  population  of  about  650  persons. 
It  is  similar  to  Castledale,  Huntington,  Emery,  and  Cleveland  in  the 
number  and  character  of  stores,  hotels,  schools,  and  churches.  Molen, 
also  on  Ferron  Creek,  in  sees.  7  and  18,  T.  20  S.,  R.  8  E.,  has  about  a 
dozen  houses,  a  church,  and  a  school,  but  neither  store  nor  post  office. 
The  settlers  in  this  locality  receive  their  mail  at  Ferron.  Rochester, 
in  the  southwestern  part  of  T.  21 S.,  B.  7  E.,  is  a  small  settlement  with- 
out a  post  office.  Emery,  a  village  of  about  550  inhabitants,  mainly 
in  sees.  4  and  9,  E.  22  S.,  R.  6  E.,  is  the  principal  town  in  the  coal  field 
at  the  south  end  of  Castle  Valley.  The  people  living  here  are  for  the 
most  part  farmers  who  cultivate  the  irrigated  lands  adjacent  to  the 
village.  A  few  ranchers  live  south  and  southwest  of  Emery  on 
Quitchuppah  Creek  and  along  Muddy  Creek  in  sec.  36,  T.  22  S.,  R. 
6  E.  Emery  and  the  several  other  towns  mentioned  above  have  daily 
mail  connections  with  Price,  the  county  seat  of  Carbon  County,  on 
the  Denver  &  Rio  Grande  Railroad,  65  miles  north  of  Emery. 

The  principal  occupations  of  the  settlers  of  Castle  "Valley  are 
farming  and  stock  raising.  Some  allied  industries,  however,  such 
as  fruit  raising  and  the  production  of  honey,  are  given  considerable 
attention.  At  Mohrland,  the  southern  terminus  of  the  Castle  Valley 
Railroad,  in  the  northern  part  of  T.  16  S.,  R.  8  E.,  outside  of  the  area 
examined  in  1911,  considerable  coal  is  mined  from  the  upper  coal- 
bearing  formation  (Mesaverde),  to  the  study  of  which  little  atten- 
tion was  given  in  this  examination.  Some  coal  is  mined  by  the 
ranchers  for  domestic  use  east  and  south  of  Emery  in  the  lower  coal- 
bearing  rocks,  which  are  fully  described  in  this  report. 

BOADS  AND  TBAILS. 

A  very  good  stage  road  extends  the  entire  length  of  Castle  Valley 
from  Price  through  Huntington,  Castledale,  and  Ferron  to  Emery. 
Numerous  other  first-class  and  second-class  roads  jmd  trails  make  the 
greater  part  of  the  area  accessible.  In  general,  every  main  stream 
is  paralleled  by  one  or  more  roads  leading  into  the  canyons  cut  into 
the  Wasatch  Plateau  to  the  west,  where  wood  and  coal  are  abundant. 
A  good  road  has  been  constructed  from  Wellington,  on  the  Denver  & 
Rio  Grande  Railroad,  to  Himtington  through  Cleveland.  A  branch 
of  this  road  connects  with  the  Price-Emery  stage  road  about  4  miles 
south  of  Price.  A  second-class  road  from  Castledale  follows  closely 
the  route  of  the  old  Spanish  Trail  across  the  north  end  of  the  San 
Rafael  Swell  to  Green  River,  the  easternmost  town  in  Emery  County, 
on  Green  River,  in  T.  21  S.,  R.  16  E.  Green  River  Desert,  which  lies 
about  40  to  70  miles  southeast  of  Castle  Valley,  is  accessible  by  means 
of  a  poor  and  rarely  used  road  from  Ferron  through  Molen  and  to 
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the  southeast.  A  road  from  Castledale  through  Buckhom  Flat  and 
along  Buckhorn  Wash  also  leads  through  ^  Sinbad ''  to  the  desert. 
From  Emery  two  roads  to  the  east  have  been  constructed.  One  about 
20  miles  in  length  leads  through  Bochester  and  Dry  Wash  to  the 
Globe  copper  mine.  The  other  extends  to  the  southeast  about  18 
miles  to  a  supposed  oil  field  on  Salt  Wash,  2  miles  above  its  junction 
with  Muddy  Creek.  A  wagon  trail,  very  rarely  used,  connects 
Emery  with  Caineville,  on  Fremont  Biver,  60  miles  to  the  southeast. 
A  fairly  good  road  connects  Emery  with  Fremont  and  Loa,  to  the 
south,  near  the  head  of  Fremont  Biver.  Emery  is  also  connected 
with  Salina,  west  of  the  Wasatch  Plateau,  by  a  fair  mountain  road 
that  follows  the  courses  of  Ivie,  Yogo,  and  Salina  creeks. 

DBAINAGE  AND  WATEB  BESOUBCES. 

Castle  Valley  is  drained  entirely  by  Price,  San  Bafael,  and  Curtis 
rivers  and  their  tributaries,  each  river  receiving  about  one-third  of 
the  run-off.  The  following  table  gives  the  average  flow,  during  the 
months  when  irrigation  is  necessary,  of  some  of  the  streams  in  Castle 
Valley  that  have  been  measured  by  the  United  States  Geological 
Survey,  in  1909^  and  1913.» 

Partial  amount  of  mriroff  acro$a  Caatle  Valley  during  May,  June,  July,  and 

AuffUMt,  1909  and  191S, 


StTMin. 


1900. 


Price  Rfrvr 

Hontingtoxi  Creek . 
Cottonwood  Creek. 
Ferron  Cneik. ..... 

Muddy  Creek 


1913. 


Prioe  River 

Hnntington  Creek . 
Cottonwood  Creek. 

Fernm  Creek 

Mnddy  Greek 


May. 

June. 

July. 

Seeond^ed.^ 

Secmirfut, 

aeooMeeL 

» 1,030 

925 

467 

741 

191 

416 

842 

218 

140 

872 

27.6 

140 

245 

100 

480 

238 

193 

876 

218 

126 

711 

401 

111 

257 

908 

75.2 

100 

132 

80.6 

August. 


BwmirfmA, 
146 
107 
438 
307 
(T) 


65.0 
70.0 
50.  i 
27.4 
51.0 


a  Beeond-feet  ii  the  number  of  onblo  feet  of  water  passing  a  given  point  in  a  stream  channel  each  second 
Miean  daily  run-off . 

« 

This  table  indicates  that  the  run-off  is  greatest  in  most  streams 
during  June  and  that  in  July  and  August  they  carry  much  smaller 
volumes.  The  irregularities  in  the  run-off  for  the  different  streams 
during  any  month  are  probably  due  to  local  rainstorms.  The 
water  from  the  streams  in  Castle  Valley  is  utilized  mainly  for  irri- 

^  Freeman,  W.  B.,  and  Bolster,  R.  H.,  Surface  water  supply  of  the  United  States,  1900, 
Part  IX,  Colorado  River  Basin :  U.  8.  Geol.  Survey  Water-Supply  Paper  260,  pp.  77-70, 
81-S7,  181-183,  233,  234,  1011. 

•  Follansbee,  Robert,  Porter,  B.  A.,  and  Gray,  G.  A.,  Surface  water  supply  of  the  United 
States.  1013,  Part  IX,  Colorado  River  basin :  U.  S.  Geol.  Survey  Water-Supply  Paper  850, 
pp.  70-76,  70-84,  176-177.  1016. 
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gating  the  adjacent  valley  bottoms.  In  the  vicinity  of  Cleveland, 
however,  which  lies  in  the  drainage  basin  of  Price  River,  irrigation 
is  made  possible  by  water  brought  from  Himtington  Creek  over  a 
low  divide  through  a  canal  15  miles  in  length.  Near  Emery  a  simi- 
lar condition  exists.  The  water  is  taken  from  Muddy  Creek  near 
the  mouth  of  the  canyon  cutting  the  Wasatch  Plateau  and  is  carried 
by  a  large  canal  through  a  divide  by  means  of  a  tunnel  to  the  flat 
country  about  Emery. 

Practically  all  the  water  in  the  streams  flowing  east  from  the 
Wasatch  Plateau  across  the  area  imder  consideration  is  now  used 
for  irrigation  with  the  exception  of  that  in  Last  Chance  Creek. 
Part  of  the  water  from  this  creek  is  diverted  from  its  natural  course 
and  carried  by  ditches  to  Paradise  Lake,  in  sees.  14  and  23,  T.  25 
S.,  R.  4  E. 

ITie  irrigated  area  of  Castle  Valley  may  possibly  be  increased  as 
much  as  100  per  cent  by  the  construction  of  storage  reservoirs  to 
hold  flood  waters  and  the  spring  run-off  in  the  deep  canyons  in  the 
Wasatch  Plateau. 

The  writer  knows  of  few  springs  of  any  importance  in  Castle 
Valley  north  of  Ivie  Creek.  One  of  these,  on  the  outcrop  of  the 
Ferron  sandstone  member  of  the  Mancos  shale  in  the  SW.  J  sec.  24, 
T.  21  S.,  R.  7  E.,  furnishes  sufficient  excellent  water  for  a  few  head 
of  stock  the  year  round.  Farther  north  in  Castle  Valley  there  are 
a  few  small  seeps  of  alkali  water  issuing  from  the  shale  above  the 
Ferron  sandstone.  They  are  locally  known  as  "poison  springs," 
owing  to  the  very  alkaline  character  of  the  water.  South  of  Ivie 
Creek,  in  the  more  rugged  part  of  the  valley,  springs  are  more  numer- 
ous and  the  character  of  the  water  is  much  better.  Willow  Spring, 
near  the  center  of  sec.  13,  T.  24  S.,  R.  5  E.,  is  the  best  in  the  southern 
part  of  the  coal  field.  In  the  vicinity  of  Paradise  Lake  springs  are 
plentiful.  At  the  extreme  southwest  end  of  the  field,  in  the  W.  J  sec. 
84,  T.  25  S.,  R.  4  E.,  there  is  another  spring  of  excellent  water. 

Paradise  Lake,  in  the  S.  i  sec.  14  and  N.  |  sec.  23,  T.  25  S.,  R.  4  E., 
receives  part  of  its  water  from  small  mountain  streams  heading  west 
and  southwest  of  the  lake,  but,  as  stated  above,  it  is  partly  supplied 
with  water  diverted  from  Last  Chance  Creek.  Tte  lake  covers  about 
160  acres  and  has  no  outlet  However,  should  the  water  rise  more 
than  32  feet  from  its  level  in  October,  1912,  it  would  flow  through  an 
old  water  gap  into  a  canyon  to  the  southeast.  This  lake  is  included 
within  the  limits  of  the  Hogan  ranch,  and  is  used  by  the  owners  of 
this  property  to  furnish  water  for  their  cattle. 

In  places  in  the  area  mapped  (PI.  XII,  p.  86)  fairly  good  water 
could  be  obtained  probably  by  drilling  into  the  Dakota  sandstone 
and  also  into  some  of  the  conglomeratic  sandstone  beds  in  the  under- 
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lying  McEImo  formation,  as  has  been  done  in  the  vicinity  of  the 
town  of  Green  Eiver,  Utah.* 

Water  may  be  found  in  places  in  the  southwestern  part  of  the 
field  in  stream  channels  where  depressions  have  been  eroded  into 
the  soft  massive  sandstone  of  the  Ferron  member.  In  one  locality, 
sec.  34,  T.  24  S.,  R.  5  E.,  a  pothole  at  least  10  feet  deep  and  3  or  4 
feet  in  diameter  was  half  full  of  water  in  October,  1912.  Other 
natural  reservoirs  of  the  same  type  but  of  smaller  dimensions  exist 
in  this  general  locality. 

CLIHATE  AND  VEGETATION. 

The  climate  of  Castle  Valley  is  semiarid,  as  shown  by  the  annual 
rainfall,^  which  ranges  from  about  7^  inches  at  Emery  to  8^  inches 
at  Castledale.  The  yearly  rainfall  at  Price  is  greater  than  either  of 
the  above  measurements  indicates  and  probably  is  about  11  inches. 
This  figure  was  obtained  by  averaging  the  precipitation  at  Sunny- 
side,  where  the  annual  rainfall  is  14.86  inches,  and  at  Castledale. 
The  temperature  in  Castle  Valley  ranges  from  104®  to  —34®  F.  and 
averages  about  45.7°  F. 

Vegetation,  consisting  mainly  of  a  sparse  growth  of  grass,  a  little 
sagebrush,  greasewood,  and  cactus,  is  scanty  away  from  stream 
courses  where  irrigation  is  not  carried  on.  Pinon  is  common  on 
the  sandstone  ridges  and  scarps  north  of  Ivie  Creek.  South  of  this 
creek  native  vegetation  is  much  more  abundant.  Along  many  of 
the  streams  willow  and  cottonwood  trees  are  plentiful  and  other 
vegetation  is  more  luxuriant  than  away  from  the  streams.  Irri- 
gated lands  produce  grain,  vegetables,  alfalfa,  and  many  kinds  of 
fruit.  In  Castle  Valley  practically  all  kinds  of  fruits  common  to 
temperate  climates  with  the  exception  of  grapes  are  raised. 

SURFACE  FEATURES. 

GENERAIi  STATEMENT. 

Castle  Valley  is  bounded  on  the  west  by  the  Wasatch  Plateau  and 
on  the  east  by  the  San  Rafael  Swell.  To  give  an  adequate  idea  of 
the  surface  of  the  valley  it  is  necessary  to  describe,  briefly  at  least, 
the  adjacent  topographic  features.  Topographic  maps  of  this 
region  with  a  contour  interval  of  250  feet  were  made  by  the  Powell 
Survey.  (See  San  Rafael  topographic  map  of  the  United  States 
Geological  Survey.) 

» Lapton,  C.  T.,  Oil  and  gas  near  Orocn  River,  Grand  County,  Utah :  U.  S.  Geo!. 
Survey  Bull.  541,  pp.  117-121.  1914. 

*  Summary  of  the  cllmatologlcal  data  for  the  United  States,  section  10,  Eastern  Utah, 
pp.  2-4,  U.  S.  Weather  Bureau. 

21246*— Bull.  628—16 2 
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WASATCH  PLATSAU. 

The  Wasatch  Plateau,  lying  west  of  Castle  Valley,  is  a  southward 
continuation  of  the  kinds  of  rocks  and  type  of  topography  embodied 
in  the  Book  Cliffs,  which  form  the  prominent  scarp  extending  along 
the  north  side  of  the  Denver  &  Rio  Grande  Railroad  from  Orand 
River,  Colo.,  to  Castle  Gate,  Utah.  The  Wasatch  Plateau  ranges  from 
2,000  to  8,000  feet  in  height  above  the  floor  of  Castle  Valley,  and  at 
many  points  it  is  impossible  to  scale  its  east  face.  At  only  a  few 
places  can  it  be  traversed  with  a  wagon  or  buggy.  Deep  canyons 
have  been  cut  into  the  plateau  by  Huntington,  Cottonwood,  Ferron, 
Muddy,  Quitchuppah,  Ivie,  and  Last  Chance  creeks  and  some  of  their 
tributaries.  Low  on  the  east  scarp  of  the  plateau  alluvium  has  been 
washed  down  into  symmetrical  fanlike  forms,  which  in  many  places 
merge  with  one  another,  thus  forming  compound  alluvial  fans.  Rem- 
nants of  alluvial  fans  of  former  stages  of  erosion  are  numerous  higher 
on  the  east  flank  of  the  plateau.  These  remnants  have  been  rather 
fully  dissected  by  minor  intermittent  streams. 

The  Book  Cliffs  consist  of  almost  flat-lying  beds  of  sandstone  and 
shale  and  rise  3,000  to  4,000  feet  above  the  adjacent  country.  Wher- 
ever erosion  has  removed  the  overlying  sandstone  the  shale,  being 
less  resistant  than  the  sandstone,  has  yielded  readily  to  erosion,  pro- 
ducing nearly  sheer  cliffs  instead  of  gentle  slopes. 

CASTLE  VALLEY. 

Castle  Valley  is  literally  a  monoclinal  valley  and  owes  its  existence 
to  the  presence  of  a  soft,  relatively  homogeneous  shale  which  is  easily 
eroded  wherever  the  overlying  sandstone  is  removed.  The  valley  is 
80  miles  or  more  in  length,  and  all  of  it  is  included  within  the  area 
mapped  except  that  part  in  Carbon  County  north  of  the  Denver  & 
Rio  Grande  Railroad.  The  topography  of  Castle  Valley  north  of  Ivie 
Creek  is  characterized  mainly  by  gentle  slopes,  which  develop  into 
bad  lands  near  the  Wasatch  Plateau  and  in  the  vicinity  of  stream 
courses.  South  of  Ivie  Creek  the  topography  is  more  rugged,  owing  to 
the  extensive  mantle  of  gravel  and  bowlders  derived  from  the  basalt- 
covered  area  to  the  southwest.  The  gravel  and  bowlders  have  very 
noticeably  protected  the  underlying  shale  from  erosion,  and  the  re- 
sulting topographic  forms  are  entirely  different  from  the  forms  north 
of  Ivie  Creek.  Along  the  east  side  of  Castle  Valley  parallel  cliffs  simi- 
lar to  the  east  face  of  the  Wasatch  Plateau  above  described  are  de- 
veloped by  the  erosion  of  strata  of  unequal  resistance.  In  passing 
from  the  Wasatch  Plateau  across  Castle  Valley  into  the  San  Rafael 
Swell  one  descends  stratigraphically  several  thousand  feet.  A  view 
westward  from  the  interior  of  the  Swell  gives  the  impression  of  look- 
ing up  a  very  gently  inclined  varicolored  stairway,  the  steps  of  which 
increase  in  height  toward  the  top,  represented  by  the  Wasatch  Plateau. 
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Castle  Valley  ranges  in  altitude  from  5,300  feet  on  Price  Biver,  at  the 
north  end  of  the  valley,  to  8,550  feet  in  the  vicinity  of  the  Hogan 
ranch,  near  its  south  end. 

The  boundary  separating  the  San  Rafael  Swell  from  Castle  Valley, 
arbitrarily  adopted  by  the  writer,  roughly  follows  the  western  limit 
of  the  irregular  rows  of  buttes,  mesas,  and  ^  castles  ^  that  form  the 
western  boundary  of  ^^  Sinbad.^'  The  buttes  and  ^  castles  "  here  re- 
ferred to  are  conspicuously  shown  on  the  United  States  Geological 
Survey^s  San  Baf  ael  topographic  sheet 

SAN  KATAKT.  SWELL. 

The  most  prominent  feature  of  the  topography  of  the  San  Rafael 
Swell  is  a  series  of  odd-shaped  sandstone  forms  which  encircle  an 
area  in  the  heart  of  the  Swell,  locally  known  as  ^  Sinbad,''  which  is 
40  to  50  miles  long  and  10  to  20  miles  wide.  These  fantastically 
eroded  forms  are  remnants  of  the  outcrop  of  a  massive  cross-bedded 
gray  Jurassic  sandstone  about  800  feet  thick.  It  is  practicable  to 
cross  the  Swell  at  only  a  few  places  on  account  of  the  almost  im- 
passable barrier  formed  by  this  sandstone  rim.  Nearly  vertical 
scarps  and  canyon  walls  300  to  500  feet  in  height  are  common.  Low 
hogbacks  formed  by  resistant  beds  in  the  strata  overlying  this  sand- 
stone, the  upper  surfaces  of  which  produce  dip  slopes  of  varying 
extent,  depending  on  the  inclination  of  the  beds,  encircle  this  belt  of 
rugged  topography.  Badlands  are  common,  especially  near  stream 
courses. 

GEOLOGY. 


GENERAL   FEATURES. 

During  the  investigation  in  Castle  Valley  reconnaissance  excur- 
sions were  made  to  the  Wasatch  Plateau  and  the  interior  of  the  San 
Bafael  Swell,^  enabling  the  writer  to  discuss  in  a  general  way  the 
stratigraphy  from  the  lowest  rocks  (Triassic  and  Permian)  studied 
in  the  Swell  to  the  highest  (Green  Eiver?)  capping  the  Wasatch 
Plateau.  Throughout  the  greater  part  of  Castle  Valley  the  upper 
part  of  the  McElmo  formation,  the  Dakota  sandstone,  and  the 
greater  part  of  the  Mancos  shale  were  carefully  mapped.  All  other 
formations  described  were  examined,  some  in  detail,  as  shown  by 
the  compiled  stratigraphic  section,  and  others  in  a  general  way,  as 
indicated  in  the  descriptions  below.  Numerous  fossil  collections 
were  made,  and  the  reports  of  the  determinations  of  these  collec- 
tions are  presented  in  the  descriptions  of  the  several  formations. 

^LoptoD,  C  T.,  Notes  on  the  geology  of  the  San  Rafael  Swell,  Utah:  Washington 
Acad.  ScL  Jour.,  vol.  2,  No.  7,  pp.  186-188.  1912. 
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The  following  summarized  description  of  the  Triajssic  and  younger 
strata  is  given  in  tabular  form  for  convenient  reference  and  direct 
comparison : 


Rock  fofnnationa  outcropping  acrou  Castle  VaUey  from  the  interior  of  San  Rafael 

Stoetl  to  the  top  of  WaaaU^  Plateau,  Utah. 


System  and 
series. 


Quaternary 
(Recent). 


QuaternaryT 
(Pleistocene  T) 


Tertiary    (Eo- 
cene). 


Cretaceous 
(UpperCreta- 
ceous). 


j^)rmii.tjflBl» 


UnoonSormity. 

Oreen    River. 
(T)  formation. 


Wasatch    for- 
mation. 


Unconformity, 


Mesaverde  for- 
mation. 


Mancos  shale. 


Dakota  sand- 
stone. 


Probable  un- 
oottforiDlty. 


DesoriptiaQ  of  stnte. 


An  extensiye  mantle  of  soil,  low 
eravel-capped  tenaces,  and  low 
oroad  compound  alluvial  fans. 


Remnants  of  aUorial  fans  high  up 
on  the  east  face  of  Wasatch  Pla- 
teau and  lower  table-lands. 

High  terrace  Kravol  with  pebbles 
up  to  1  foot  m  diameter. 

Gravel  of  both  divisions  of  the 
Pleistocene  (T )  consists  of  yellow- 
iah-<ray  sandstone,  sray  and 
drab  limestone,  quartotic  sand- 
stone, and  black  ohert  north  of 
Ivie  C^eek  and  principally  of 
dark  basalt  south  of  that  creek. 


Hainly  graylah-drab  fiuMralned 
calcareous  sandstone  and  sandy 
shale,  which  weather  ^i^te  and 
outcrop  in  difls. 


Beds  not  well  exposed  but  wher- 
everobserved,  malnlysandsUme, 
and  sandy  shale  of  various  colors, 
red.  yellow,  and  drab  predomi- 
natizig.  The  outcrop  of  this  for- 
mation forms  smooth  topog- 
raphy. 


ICainly  beds  of  massive  and  me- 
dium-bedded sandstone  with 
some  sandy  shale,  all  of  a  yellow- 
ish-gray color.  Several  ooal  beds 
are  known  to  be  present  near  the 
middle  of  the  formation.  None 
are  known  In  the  lower  part  of 
the  formation  up  to  ahorlson  200 
or  300  feet  above  the  base.  The 
lower  part  contains  more  shale 
than  the  upper. 


Yellow  to  bluishrdrab  sandy  shale. 
Upper  part  very  sandy,  oontain- 
ins  oeds  and  lenses  of  sandstone. 
Middle  and  lower  parts  but 
slightly  sandy. 


Ferron  sandstone  member.  Alter- 
nating beds  of  sandstone  and 
sandy  shale  with  several  ooal 
beds  present  in  the  vicinity  of 
Emery.  At  Mounds  this  mem- 
ber is  represented  by  about  75 
feet  of  sandy  matenal  which 
generally  contains  a  concretion- 
ary tone  near  the  middle. 


Bluisb-drab  sandv  shale.  Sandy 
material  most  plentiful  near  base 
and  top  of  this  part  of  formation. 


Yellowish-grav  sandstone  with 
ttdn  beds  of  shale,  alternating. 
Sandstone  coarse,  soft,  and  m 
places  very  conglomeratic. 
Near  the  north  end  of  Castle 
Vall^  the  formation  is  mainly 
oonflomerate.  The  lower  part 
graaes  into  sandy  yhale. 


&-50-I-  feet. 


0-50  feet 
(MO  feet. 


Notdetennin- 
ed,  probably 
about  800 
feet 


Not  determin- 
ed, probably 
about  1,000 
feet 


About  1,200 
feet,  pos- 
sibly more. 


About     8,000 
feet 


Varies  from  75 
feet  near 
Mounds  to 
about  800 
feet  on  Last 
Chance 
Creek. 


About 
feet 


600 


eo  to  100  feet 
and  possibly 
more. 


Economic  valneu 


Small  flpirlngB  issue 
ftommeeebeds. 


Oil  shale  reported. 


Water  bearing  and 
Is  known  to  carry 
thin  bed5  of  ooal 
near  O>lt0Q  and 
Wa]flB,Utah. 


Commonly  in- 
dudes  several 
thick  beds  of 
good  bituminous 
coaL 


Several  beds  of 
good  bituminous 
ooal  at  the  south 
end  of  Castle 
Valley. 


A  little  ooal  of  no 
importance  in 
Castle  Valley. 


OEOLOOY. 
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V 


Rook  formations  outcropping  acro9$  Cattle  Valley,  etc, — Ck>ntinued. 


BysCcuisiid 


ax 


Cftrboniferoos 
(Permian) 
and  Trlaaslc. 


Fonnatlon. 


IfcKhno    for- 


Description  of  strata. 


La  Plata  Band- 
stone. 


Probable  un- 
oonlormity. 

Vermilion 
Cliff  sand- 
stone. 


Variegated  sandstone  and  sandy 
ihale.  Tlie  upper  fiOO  feet  prln- 
dpally  gray  and  containiTig  some 
conglomerate  whose  pebbuM  are 
In  places  8  inches  in  diameter. 
About  800  feet  above  the  base  is 
a  gray  to  white  sandstone  aboat 
ado  I^Mt  thick  which  praMbly 
oonrespoDds  to  the  Salt  Wash 
sandstone  member.a  The  lower 
800  feet  of  beds  are  mainly  red  in 
color.  About  200  feet  above  the 
base  is  a  prominent  gypsum  hori- 
ion  in  iniidi  40  f^  of  very  pure 
gypeum  is  eomosed.  Another 
gypsum  bed  lO-f  feet  thick  is 
exposed  about  700  feet  below  the 
top  of  the  fonnation. 


Highly  croes-bedded  coarse  grav 
sandstone,  weathering  into  odo- 
shaped  buttes,  mesas,  and  "cas- 
tles." A  shaly  bed  near  the 
middle  of  the  rarmation  is  pres- 
ent in  places. 


Halnly  varicolored  sandstone  and 
sandy  shale.  In  places  oonglom- 
eratlo  near  the  top.  About  200 
feet  below  the  top  asphaltum 
seeps  were  noted  at  a  few  places. 


Qray  medium-bedded  sandstone 
exposed  in  the  drainage  basin  of 
Hezican  Spring  wash  in 
"SInbad." 


Tlilckness. 


About 
feet. 


l,KfiO 


Not  measured, 
estimated  at 
800  feet 


Fnllthickn 
not     deter- 
mined: about 
500  feet  was 


Economic  value. 


Two  or  three  gyp- 
sum beds  of  tm- 
portanoe. 

ICanganese  south- 
east of  Castle- 
dale. 


A  little  oopper  and 
some  aspihaltum- 
saturated  sand- 
stone; also  locally 
waterbearing. 


Asphaltum.  Some 
thin  lenses  of 
relatively  pi 
alum  (souii 
variety). 


»ure 
urn 


800db  feet  ex- 
posed (ac- 
cording to 
Forrester's 
unpublished 
notes). 


Sulphur  springs 
and  deposits  on 
San  Rabel  River 
at  east  side  of 
Swell. 


•  liUptonyC.  T.,  Oil  and  gas  near  Qreen  River,  Grand  County,  Utah:  U.  8.  Qeol.  Survey  Bui. 641, 
p.  127, 1914. 

CARBONIFEROUS     (pERMIAN)     AND    TRIASSIC    ROCKS. 

It  is  believed  that  r(x^s  of  Permian  and  Triassic  age  older  than 
the  Vermilion  Cliff  sandstone  are  exposed  on  one  of  the  southern 
tributaries  of  San  Rafael  River,  near  the  west  side  of  "  Sinbad," 
1  mile  or  more  west  of  a  prominent  butte  locally  known  as  The 
Wickiup  and  about  1  mile  east  of  Mexican  Spring  Wash.  The 
sulphur  deposit  on  San  Rafael  River,  approximately  in  the  north- 
central  part  of  T.  21  S.,  R.  13  E.,  described  by  Hess*  and  visited 
by  the  writer,  is  situated  stratigraphically  a  few  hundred  feet  below 
the  top  of  these  rocks. 

Robert  Forrester  in  unpublished  notes  reports  about  800  feet  of 
Carboniferous  beds  exposed  along  San  Rafael  River  near  the  Black 
Box,  below  Lockhart's  cabin.  These  beds  are  lower  than  any  exam- 
ined by  the  writer.  Fossils  found  by  Forrester  at  this  locality  and 
identified  by  G.  H.  Girty  are  listed  below. 


^  Heaa,  F.  L.,  A  sulphur  deposit  in  the  San  Rafael  Canyon,  Utah :  U.  S.  Geol.  Survey 
BuU.  680,  pp.  847-349,  1913. 
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The  first  eight  in  the  list  came  from  a  stratum  30  feet  below  the 
one  in  which  the  remainder  were  found.  Mr.  Girty  states  that  these 
fossils  are  characteristic  of  the  ^^ Bellerophon  limestone"  or  top 
of  the  Aubrey  group. 


AUorlsma  capax. 
Sedgwickla  sp. 
Myallna  aif.  M.  congeneris. 
Schlzodus?  sp. 

Avicullpecten  coloradoensis? 
Pleurotomaria?  sp. 
Macroclieiliiia?  sp. 
Orthoceras?  sp. 
Sponge. 
Lioclema?  sp. 
Composlta  mexlcana? 
Solenomya?  sp. 
Edmondla  gibbosa? 
Sanguinolltes??  sp.  a. 
SangolnoUtes??  sp.  b. 


Leda  obesa. 

Nucula  levatlformia 

Mytllus?  sp. 

Pleurophorus?  sp. 

Astarte?  sp. 

Plagioglypta  canna. 

Dentalium  mexicanum. 

Euphemus  subpapillosua 

Patellostium  aif.  P.  nodlcostatum. 

BeUerophon  sp.  1. 

Bellerophon  sp.  2. 

Warthla?  sp. 

Coloceras  n.  sp. 

Gastrloceras  sp. 

Ammonoid?? 


TRLA.SSIC   SYSTEM. 


YEBMZLIOV  0X177  SAHD8T0HS. 

The  base  of  the  Vermilion  Cliff  sandstone  was  not  determined, 
and  the  section  given  below  represents  careful  estimates  rather  than 
accurate  measurements  of  the  thickness  of  the  strata.  The  forma- 
tion is  prevailingly  sandy  and  red.  The  lower  part  consists  of  thin 
to  medium  bedded  sandstone  and  sandy  shale  which  is  yellowish  gray 
below  but  changes  to  red  in  its  upper  part.  Overlying  this  series  is 
a  grayish-brown  coarse-grained  sandstone  about  90  feet  thick,  which 
in  places  is  conglomeratic.  At  several  localities  asphaltum  seeps 
and  springs  exist  near  the  base  of  this  bed.  About  100  feet  of  vari- 
colored sandy  and  conglomeratic  material  overlies  this  sandstone. 
The  presence  of  a  conglomerate  near  the  top  of  this  formation  sug- 
gests an  unconformity,  but  the  evidence  on  this  point  is  not  conclu- 
sive, as  no  fossils  were  collected  in  the  Vermilion  Cliff  or  the  over- 
lying La  Plata  sandstone. 

Section  of  part  of  Vermilion  Cliff  »and%tone  near  west  side  of  **8inhad,"  in  the 

San  Rafael  StoeU, 

[Thickness  estimated.] 
Top.  Fflet 

Sandstone,  red,  maroon,  purple,  and  gray,  with  beds  of  thin 

conglomerate  and  sandy  shale  of  similar  colors 100 

Sandstone,  grayish  brown,  in  places  conglomeratic  (horizon  of 

asphaltum  seeps  and  springs  near  base  of  this  sandstone) 90 

Sandstone  and  sandy  shale,  red  in  upper  part,  yellow  and 

gray  In  lower  part,  thin  to  medium  bedded 800 


490 
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JURASSIC  SYSTEM. 
LA  PLATA  aAHDBTOVX. 

The  La  Plata  sandstone  consists  of  a  highly  cross-bedded  coarse- 
grained, very  massive  gray  sandstone,  but  near  the  middle  of  the 
formation  there  is  in  places  some  shale,  which,  however,  is  not  per- 
sistent. Careful  estimates  place  the  total  thickness  of  this  sandstone 
at  about  800  feet  along  the  west  flank  of  the  San  Rafael  Swell,  where 
its  outcrop  has  been  eroded  into  prominent  scarps,  ^'  castles,^'  buttes, 
and  mesas,  from  which  Castle  Valley  probably  takes  its  name.  This 
sandstone  is  in  all  probability  the  same  as  the  White  Cliff  sandstone 
of  the  eastern  Uinta  and  southern  Utah  sections  of  Powell,^  and 
corresponds  to  the  La  Plata  sandstone  of  Cross.'  This  correlation  is 
based  solely  on  its  stratigraphic  position  and  physical  characteristics, 
as  no  fossils  were  collected  .from  it 

JT7RASSIC   (?)  SYSTEM. 
XeELMO  FOBXATXOV. 

The  McElmo  formation,  which  is  thicker  in  this  locality  than  at 
any  of  the  places  in  eastern  Utah  and  southwestern  Colorado, 
where  it  has  been  measured,  consists  of  1,800  to  1,900  feet  of  vari- 
colored conglomeratic  sandstone  and  sandy  shale,  with  two  or  more 
gypsum  beds*  that  form  but  a  small  part  of  the  whole  thickness. 
The  lower  800  feet  is  composed  mainly  of  sandstone  and  sandy 
shale,  with  gypsum-bearing  beds  about  200  feet  above  the  base. 
The  upper  400  feet  of  this  part  of  the  formation  is  mainly  red 
and  massive.  Overlying  this  is  a  gray  to  white  sandy  series  about 
200  feet  thick  containing  a  thin  stratum  of  conglomerate  at  the 
base.  This  portion  is  believed  to  be  equivalent  to  the  Salt  Wash 
sandstone  member  *  in  the  vicinity  of  Green  River,  Utah.  Variegated 
sandstone  and  sandy  shale,  interbedded,  and  about  36  feet  of  gyp- 
sum, included  in  three  benches,  make  up  the  overlying  350  feet  of 
strata.  The  top  of  this  350-foot  series  probably  coincides  with  the 
top  of  the  Flaming  Gorge  formation  as  defined  by  Powell.'  Gale,® 
however,  in  northwestern  Colorado  and  northeastern  Utah  draws 
the  contact  between  the  Flaming  Gorge  formation  and  the  Dakota 

^  Powell,  J.  W.,  Report  on  the  geology  of  the  eastern  portion  of  the  Uinta  Mountains 
and  a  region  of  coontry  adjacent  thereto,  pp.  62,  53,  152,  U.  S.  Oeol.  and  Oeog.  Survey 
Terr,,  1876. 

*  Cross,  Whitman,  and  Porington,  C.  W.,  U.  8.  QeoL  Survey  GeoL  Atlas,  Telluride  folio 
(No.  57),  p.  8,  1899. 

*  Lnpton,  C.  T.,  Gypsum  along  the  west  flank  of  the  San  Rafael  Swell,  Utah :  U.  8.  Geol. 
Survey  Bull.  630,  pp.  221-231,  1913. 

*  Lnpton,  C.  T^  Oil  and  gas  near  Green  River,  Grand  County,  Utah :  U.  S.  Geol.  Survey 
Bull.  541,  pp.  124,  126,  127.  1914. 

*  Powell,  J.  W.,  op.  cit.,  pp.  162,  167. 

*  Gale,  H.  8.,  Coal  fields  of  northwestern  Colorado  and  northeastern  Utah :  U.  S.  Geol. 
Survey  Bull.  416,  p.  64,  1910. 
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sandstone  about  500  feet  stratigraphically  higher,  a  determination 
that  includes  within  the  Flaming  Gorge  about  500  feet  more  of  strata 
than  Powell  included  in  it.  This  500  feet  consists  of  sandstone, 
sandy  shale,  and  conglomerate  of  a  greenish-drab  color  and  ap- 
parently corresponds  to  part  of  the  Henrys  Fork  group  as  defined 
by  Powell  and  as  identified  by  Gilbert*  in  the  Henry  Mountains. 
In  places  the  colors  change  to  red,  maroon,  and  blue.  Considerable 
conglomerate  occurs  near  the  base.  In  Castle  Valley  the  conditions 
apparently  are  similar  to  those  described  by  Gale,  and  the  positions 
of  the  geologic  boundaries  are  similarly  located.  The  McElmo  for- 
mation as  recognized  in  this  field  is  believed  to  include  not  only  the 
McElmo  formation  described  by  Cross '  as  occurring  in  south w^tem 
Colorado,  where  it  is  considered  the  equivalent  of  the  Morrison  for- 
mation, but  also  a  series  of  marine  beds  that  probably  represent  a 
part  at  least  of  the  Sundance  formation.  Fossils  collected  near  the 
south  side  of  sec.  10,  T.  21  S.,  S.  9  £.,  on  the  east  side  of  Coal  Wash, 
about  a  mile  slightly  east  of  south  from  Dripping  Spring,  within 
10  feet  of  the  base  of  the  formation  were  identified  by  T.  W.  Stanton 
as  belonging  to  a  marine  Jurassic  fauna.  Plate  II,  A^  shows  the 
strata  in  which  the  fossils  were  collected  and  also  the  contact  of  the 
McElmo  formation  and  the  La  Plata  sandstone.  The  names  of  the 
species  are  as  follows : 

Ostrea  strigilecula  White. 
Plicatula  sp. 

Camptonectes  stygius  White. 
Camptonectes  sp. 

As  the  McElmo  formation  in  its  type  area  is  not  known  to  include 
any  marine  strata,  it  is  possible  that  the  bed  containing  this  fauna 
is  older  than  the  basal  beds  of  the  typical  McElmo. 

The  following  section  was  measured  principally  in  Colt  Gulch, 
10  to  12  miles  east  of  Emery,  and  is  given  in  detail,  except  those 
parts  near  the  base  numbered  32  and  33 : 

Section  of  rocks  of  McElmo  formntion  measured  on  the  toest  /lank  of  San 

Rafael  Swell  and  the  east  side  of  Castle  Valley, 

Top.  Pt.     In. 

1.  Clay  shale,  gray  to  green,  sandy,  contains  calcareous 

nodules;  becomes  more  sandy  and  greenish  near 

top 140    0 

2.  Sandstone,  massive,  in  places  conglomeratic 40± 

8.  Sandstone,  gray,  medium  bedded . 11    4 

4.  Shale,  similar  to  No.  6 13    2 

5.  Sandstone,  gray;  weathers  brown;  medium  grained 

and  medium  bedded 10    0 

^  Gilbert,  O.  K.,  Report  on  the  geology  of  the  Henry  Mountains,  pp.  4,  6,  U.  8.  Geog. 
and  Qeol.  Survey  Rocky  Mtn.' Region.  1877. 

■  CrofiB,  Whitman,  and  I'nrington,  C.  W.,  U.  S.  Geol.  Survey  Geol.  Atlas,  Tellurlde  folio 
(No.  57).  p.  3,  1899. 


Mod  tola  subimbricata  Meek. 
lYigonia  sp. 
Cyprlna?  sp. 


B.     LOCAL  UNCONFORMITV  IN  THi  DAKOTA  SANDSTONE   NORTHEAST  OF  F 
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Section  of  rock9  of  llcElmo  formation  meamred  on  the  %ce9t  flank  of  San 

Rafael  Swell,  etc. — Continued. 

Vt.    in. 

6.  Shale,  gray,  sandy 17    8 

7.  Sandstone,  medium  bedded;  contains  some  shale; 

conglomeratic  at  top 11    6 

8.  Shale,  sandy,  variegated ;  contains  thin  beds  of  gray 

to  brown  sandstone ;  calcareous  in  places ;  general 

color  brown 207    0 

9.  Conglomerate,  gray ;  contains  black  chert  and  lime- 

stone pebbles,  the  largest  3  or  4  inches  In  diam- 
eter ;  contains  bones,  unidentified 15    6 

10.  Clay  shale,  gray,  red,  and  white,  with  some  sand- 
stone and  cone-in-cone  concretion-like  material 
alternating 48    0 

IL  Conglomerate,  gray;  contains  black  chert  and  lime- 
stone pebbles  3  inches  or  less  in  diameter;  also 
some  soft,  friable  sandstone 8± 

12.  Sandstone,  gray   (probably  top  of  Flaming  Gorge 

formation  as  defined  by  Powell) 4    0 

IS.  Gypsum,  sandy,  red,  gray,  and  white 16    6 

14.  Gypsum,  pink,   impure;   very  shaly  at  base,  very 

pure  at  top;  contains  cherty  concretions 22    0 

15.  Shale,  salmon-red  and  in  places  greenish  gray 10    4 

16.  Gypsum,  almost  pure 10    0 

17.  Shale,  red,  sandy 1    3 

18.  Gsrpsum,  somewhat  impure 4± 

19.  Clay,  salmon-red,  sandy 11    0 

20.  Sandstone,  greenish  gray,  and  red  sandy  shale  alter- 

nating        20    8 

21.  Sandstone,  red,  argillaceous 5    0 

22.  Sandstone,  gray,  weathers  brown,  rather  thin  bedded        6    0 

23.  Sandstone  and  sandy  shale,  salmon-red,  thin  bedded ; 

contains  one  or  two  lenses  of  calcareous  sand- 
stone 2  feet  thick  near  top  (within  25  feet) ;  also 
a  stratum  of  gypsum  6  to  8  inches  thick  near  top.    167    0 

24.  Sandstone,  white,  fine  grained,  ledge  maker 5 

25.  Sandstone  and  sandy  shale,  chocolate-red  in  color; 

contains  some  thin-bedded  sandstone  near  top ;  thin 
streaks  of  green  sandy  clay  occur  in  this  material.      57    0 


857    4± 


26.  Shale,  greenish  gray,  slightly  pinkish  at  top,  sandy.  50± 

27.  Sandstone,  gray,  thin  bedded,  shaly 45    0 

28.  Sandstone,  massive,  gray  to  white,  friable 100± 

29.  Sandstone,  grayish  green,  shaly,  thin  bedded 18    0 

80.  Conglomerate;  contains  black  chert  and  quartz  peb- 
bles up  to  4  inches  in  diameter 5 

*213    5± 

31.  Sandstone,  greenish  gray  to  white,  shaly 3    0 

32.  Sandstone,  red,  massive,  thin  bedded 4(X)± 


^ThlB  part  of  the  section  (Nos.  26  to  30,  inclusive)  probably  corresponds  to  the  Salt 
Wash  sandstone  member  of  the  Green  River  region.  See  U.  8.  Survey  Bull.  641,  p.  127, 
1014. 
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Section  of  rocks  of  McElmo  formation  measured  on  the  west  flanib  of  San  Rafael 

Swell,  etc, — Continued. 

Ft   in. 
33.  Sandstone,  calcareous,  gray  in  places,  slightly  green, 

thin   bedded 200± 

84.  Gypsum,  relatively  pure 80+ 

85.  Sandstone,  red ;  contains  many  veins  of  gypsum 10    0 

36.  Gypsum,  very  pure 7  0 

37.  Sandstone,  red 5  0 

38.  Sandstone,  greenish  gray,  thin  bedded 00  0 

30.  Shale  and  sandstone,  red,  thin  bedded 18  0 

40.  Sandstone,  yellowish  brown,  thin  bedded 15    0 

41.  Sandstone,  yellowish  brown,  massive 10    0 

42.  Sandstone,  yellowish  buff  and  maroon,  thin  bedded 

(fossils  named  on  p.  24  collected  near  base  of 

this  stratum) 15    0 

773    0 

1,843    9± 
CBETACEOUS  SYSTEM. 

DAKOTA  BAHDSTOVS. 

The  Dakota  sandstone  is  well  exposed  throughout  the  length  of 
Castle  Valley  except  for  about  1  mile  in  sees.  14,  22,  23,  and  27, 
T.  20  S.,  K.  8  E.,  3  to  4  miles  south  of  Ferron  Creek.  It  has  been 
definitely  correlated  with  the  Dakota  sandstone  as  mapped  by  Bich- 
ardson  ^  near  Mounds,  in  the  Book  Cliffs  coal  field.  This  formation 
was  traced  continuously  from  Mounds  to  Ivie  Creek,  a  distance  of 
about  60  miles,  but  south  of  Ivie  Creek  the  mapping  of  the  Dakota 
is  only  approximate.  This  formation  also  crops  out  in  small  isolated 
areas  near  Famham,  both  north  and  south  of  the  Denver  &  Rio 
Grande  Railroad. 

The  Dakota  consists  mostly  of  grayish-buff  sandstone,  but  in  places 
is  composed  of  interbedded  sandstone,  sandy  shale,  and  conglomerate 
of  the  same  color,  in  varying  proportions.  Cross-bedding  is  common, 
suggesting  that  the  material  was  deposited  in  shallow  water  where 
currents  continuously  reworked  it.  In  many  places  local  uncon* 
formities  occur  within  the  formation.  An  exposure  near  the  center 
of  sec.  36,  T.  19  S.,  R.  8  E.,  on  a  small  northern  tributary  of  Ferron 
Creek,  shows  that  a  part  of  the  gray  massive  sandstone  has  been 
replaced  by  dark-brown  cross-bedded  sandstone.  The  line  separating 
the  two  kinds  of  sandstone  is  very  distinct.  This  phenomenon  sug- 
gests that  at  one  time  an  erosion  diannel  was  cut  into  the  gray  sand- 
stone, and  that  later  the  cut  was  filled  by  sand  of  a  different  color. 

^  RlchardBon,  G.  B.,  Beconnalssance  of  the  Book  Cliffs  coal  field,  between  Grand  River, 
Colo.,  and  Bunnyside,  Utah :  U.  B.  Geol.  Bnrvey  Bull.  871,  pp.  12-14,  pi.  3,  1909. 
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Plate  II,  B^  is  a  view  of  this  local  unconformity.  A  thin  coal  bed 
of  no  economic  importance  is  present  in  places  near  the  top  of  the 
formation.  A  full  description  of  this  coal  is  given  on  pages  74-76. 
Sections  of  the  Dakota  sandstone  were  measured  at  several  points 
along  the  east  side  of  Castle  Valley  and  are  given  below  to  show  its 
variation  in  character  and  thickness. 

Section  of  Dakota  sandstone  measured  in  T.  16  8,,  R.  11  B.,  S  mUea  southwest 

of  Mounds. 

Feet. 

Sandstone,  gray  and  yeUow,  cross-bedded,  conglomeratic 7 

Conglomerate;  pebbles  as  large  as  3  inches  in  diameter 2 

Covered  (probably  gray  argillaceous  sandstone) 28 

Sandstone,    gray;    weathers    brown;    massive;    argillaceous 

in  places 10 

Sandstone,  gray;  weathers  brown  in  places;  somewhat  con- 
glomeratic; pebbles  chiefly  of  gray  clayey  material 12 

Covered 8 

Sandstone,  gray ;  weathers  brown ;  massive,  fine  grained 8 


75 

The  material  directly  underlying  the  Dakota  at  this  place  consists 
of  ^^  lumpy ''  light,  porous,  cellular  white  clay.  A  section  measured 
on  Huntington  Creek,  about  25  miles  southwest  of  this  locality, 
shows  the  formation  much  thinner  and  considerably  different  in 
character: 

Section  of  Dakota  sandstone  measured  on  Huntington  Creek  in  sec.  4,  T.  19  8.f 

R.  9  E.,  about  6  miles  east  of  Castledale. 

Pt.  In. 
Sandstone,  yellowish  gray,  somewhat  friable,  partly  thin 

bedded  and  partly  cross-bedded 22  0 

Clay  shale,  yellowish  gray 1  6 

Sandstone,  brownish  yeUow,  fine  grained,  argiUaceons 3  6 


27      0 


The  rocks  directly  underlying  the  Dakota  sandstone  at  this  locality 
consist  of  300  to  500  feet  of  maroon  to  drab  sandy  shale,  sandstone, 
and  conglomerate.  The  beds  of  conglomerate,  which  occur  near  the 
base  of  the  series,  are  in  places  calcareous  and  imdoubtedly  should 
be  included  within  the  McElmo  formation,  but  their  physical  charac- 
ter in  other  places  suggests  a  similarity  to  the  Dakota. 

Two  or  three  miles  southwest  of  the  above-mentioned  locality  an- 
other exposure,  on  the  south  bank  of  Cottonwood  Creek  near  the 
center  of  sec.  17,  T.  19  S.,  H.  9  E.,  shows  that  the  rocks  have  changed 
consideriably  in  character  and  that  a  carbonaceous  bed  occurs  at  the 
top  of  the  formation. 
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Section  of  Dakota  sandstone  measured  on  Cottonwood  Creek  in  sec.  17,  T.  19  8^ 

R,  9  E.,  about  5  miles  southeast  of  Castledale. 

Feet 
Sandstone,  yellow,  saccharoldal ;  contains  small  Iron  con- 
cretions ;  lower  part  slightly  conglomeratic 11    6 

Sandstone,  massive,  yellow  and  brown,  conglomeratic  near 
base 24    0 

35    6 

The  carbonaceous  beds  are  not  persistent  and  may  occupy  any 
position  in  the  formation.  In  one  place  near  this  location  carbona- 
ceous material  rests  on  the  shale  underlying  the  Dakota  sandstone. 

The  formation  is  thicker  toward  the  southwest,  as  shown  by  the 
following  section  measured  near  Horn  Silver  Gulch  in  sec  9,  T.  21  S., 
E.  8  E.,  about  8  miles  southeast  of  Ferron : 

Section  of  the  Dakota  sandstone  measured  in  sec,  9,  T.  21  8.,  R,  8  E.,  about  8 

miles  southea^st  of  Ferron, 

Ft.    in. 
Sandstone,  yellow,  saccharoldal;  contains  small  iron  con- 
cretions ;  lower  part  si ightly  conglomeratic 11      6 

Sandstone,  massive,  yellow  and  brown,  conglomeratic  near 
base 24      0 

35      6 

The  formation  at  this  locality  contains  many  spherical  iron  con- 
cretions. The  upper  part  of  the  sandstone  seems  to  be  distinct  from 
the  underlying  and  more  massive  part,  which  weathers  into  large 
cubic  blocks.  A  fine-grained  thin  yellow  "clay-ball"  conglomerate 
separates  the  two  parts.  Directly  underlying  the  sandstone,  uncon- 
formably  at  this  place,  are  beds  of  shale  and  sandstone  several  feet 
thick  containing  fragmentary  fossil  leaves  that  could  not  be  identi- 
fied.   This  section  is  as  follows : 

Section  of  rocks  underlying  the  Dakota  sandstone  in  sec.  9,  T,  21  fif.,  R.  8  E, 

Ft.     In. 

Shale,  bluish  gray 1      3 

Sandstone,  brownish  gray,   cross-bedded,   somewhat  car- 
bonaceous  2      0 

Clay  shale,  bluish  gray ;  contains  leaves  of  several  species 

(unidentified) 8 

Shale,  sandy,  coarse  grained,  conglomeratic 1      0 

Shale,  drab 3 

Clay,  white,  calcareous,  lenticular 2 

Shale,  drab,  with  yellow  iron  concretions 1      0 

Shale,  sandy,  bluish 3 

Shale,  sandy,  drab,  yellow,  and  gray 1      6 

8      1 

It  is  possible  that  these  rocks  should  be  included  in  the  Dakota 
dstone. 
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About  5  miles  southeast  of  Rochester,  on  the  north  side  of  Dry 
Wash,  in  the  E.  i  sec.  36,  T.  21  S.,  R.  7  E.,  the  Dakota  sandstone  is 
much  thicker  and  contains  more  conglomerate  than  is  shown  by  any 
other  section  measured  in  this  part  of  Castle  Valley. 

Section  of  Dakota  nandstone  measured  in  the  E.  \  sec,  S6,  T,  21  S,,  R,  7  E. 

Ck>iiglomerate,  consisting  mainly  of  quartz  and  black  chert  ^^t- 

pebbles,  2  or  8  inches  in  diameter 1± 

Sandstone,  yeUowish  gray,  soft,  thin  bedded 6 

Sandstone,  yellowish  gray,  soft,  mainly  thin  bedded;  cross- 
bedded  in  places ;  contains  a  few  iron  concretions  stained 

yellow  and  brown 184- 

CJlay  shale,  gray,  yellow,  and  red 3-h 

Sandstone,    grayish    yellow,    indurated,    massive,    coarse- 
grained, conglomeratic  in  places 26 

Clay  shale,  yellowish  gray,  gypsiferous 2 

56-h 
About  5  miles  southwest  of  the  point  where  this  section  was  meas- 
ured thin  lenses  of  coal  occur  in  the  top  of  the  Dakota  sandstone. 
(See  locations  418,  419,  and  420  on  PL  XII,  and  p.  75.) 

Another  section  was  measured  about  12  miles  southeast  of  Emery 
and  is  given  below. 

Section  of  Dakota  sandstone  measured  about  12  miles  southeast  of  Emmery,  S 
miles  south  of  Jvie  Creek,  near  the  west  side  of  sec,  36,  T,  23  8.,  R,  6  E, 

Ft      hi. 
Sandstone,  gray,  brown  wherever  weathered,  massive,  and 

thin  bedded;  iron  stained  In  places;  contains  a  thin 

lens  of  shaly  coal  at  base 36      0 

Sandstone,  yellowish  brown ;  small  clay  balls  form  a  thin 

bed  of  conglomerate  at  base 3    ,  6 

39      6 

A  section  of  the  Dakota  sandstone  measured  near  the  south  end  of 
the  field  shows  the  formation  to  be  somewhat  thicker  than  in  the 
vicinity  of  Ivie  Creek,  where  the  preceding  section  was  measured. 
The  character  and  thickness  of  the  rocks  in  the  Dakota  sandstone  at 
the  south  end  of  the  coal  field  are  given  below. 

Section  of  the  Dakota  sandstone  measured  in  SE,  \  sec.  25,  T,  25  S.,  R,  4  E. 

Ft.   In. 

Sandstone  and  bluish  sandy  shale  alternating 30    0 

Shale,  brow^n,  carbonaceous  (see  location  421  on  p.  76) 1    0 

Coal,  impure 8 

Shale,  brown,  carbonaceous 8 

Sandstone  (?),  poorly  exposed 12    0 

Sandstone,  white 2    6 

Goal,  rusty,  probably  impure 3 

Sandstone  and  sandy  shale,  poorly  exposed 12    0 

Shale,  coaly,  very  carbonaceous 8 

59    9 
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The  Dakota  sandstone  is  exceedingly  variable  in  thickness  and 
character,  as  is  shown  by  the  sections  given  above.  Weathering  un- 
doubtedly accounts  for  some  of  its  variation  in  color.  The  only 
fossils  collected  in  this  formation  were  the  fragmentary  leaves  men- 
tioned on  page  28.  At  many  places  in  Castle  Valley  evid^ices  of  an 
unconformity  were  noted  at  the  base  of  the  formation.  This  may 
only  be  apparent,  however,  because  local  unconformities  as  extensive 
as  that  which  occurs  at  its  base  are  present  within  the  sandstone 
itself. 

XAVOOB  SHALE. 
GQCNERAL   FEATtTBES. 

llie  Mancos  shale  in  Castle  Valley  consists  of  three  natural  sub- 
divisions. The  lowest,  about  600  feet  thick,  is  described  in  this  re- 
port as  ^^  Shale  below  the  Ferron  sandstone  member.^'  Conformably 
overlying  this  shale  is  the  Ferron  sandstone  member,  which  contains 
the  coal  in  the  southern  part  of  Castle  Valley.  This  member  in- 
creases in  thickness  from  about  75  feet  at  the  north  end  of  Castle 
Valley  to  about  800  feet  at  its  south  end.  The  highest  subdivision 
is  described  in  this  report  as  '^  Shale  above  the  Ferron  sandstone 
member."  It  rests  conformably  on  the  Ferron  sandstone  and  is  about 
3,000  feet  thick  in  the  vicinity  of  Emery.  At  the  south  end  of  the 
field  it  is  impossible  to  determine  its  exact  thickness  on  account  of 
extensive  faulting. 

BHALE  BELOW  THE  FEBBON  SANDSTONE  MEMBER. 

That  part  of  the  Mancos  shale  underlying  the  Ferron  sandstone 
member  (^^ shale  of  the  San  Rafael  Swell''  of  TaflTs  classification) 
consists  of  about  600  feet  of  bluish-drab  shale,  which  is  rather 
sandy  in  its  lower  and  upper  parts.  It  probably  corresponds  to 
the  Bli\e  Gate  shale  and  possibly  includes  the  Tununk  sandstone 
and  the  Tununk  shale,  as  described  by  Gilbert^  in  his  report  on  the 
Henry  Mountains.  Five  collections  of  fossils  were  obtained  in  this 
part  of  the  Mancos  shale.  All  the  species  except  one  are  defijiitely 
Cretaceous  forms  and  characteristic  of  the  lower  part  of  the  Mancos 
shale  or  basal  Colorado.  The  species,  identified  by  T.  W.  Stanton, 
are  listed  below: 


Prionotropis  sp. 

Anomia  sp. 

Inoceramus  n.  sp.,  related  to  I.  fragilis 

Hall  and  Meek. 
Cardium  sp. 
Lucina  sp. 


Mactra  sp. 
Ck)rbula  sp. 
Astarte?  sp. 
Ostrea  sp. 

Gastropod  casts  of  two  or  more  unde 
termined  genera. 


1  Gilbert,  O.  K.«  Report  on  the  geology  of  the  Henry  Mountains,  pp.  4,  5,  U.  S.  Geog. 
and  Geol.  Survey  Rocky  Mtn.  Region,  1877. 


E  WANCOS  SHALE  SOUTHEAST  OF  EMERY, 


;    MAN  COS  SHALE, 
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The  greater  part  of  this  subdivision  of  the  formation,  together 
with  a  portion  of  the  Ferron  sandstone  member,  constitutes  a  ^'  riser  " 
or  cliff,  in  some  places  600  feet  high,  whereas  the  upper  surface  of 
the  resistant  overlying  Ferron  sandstone  forms  a  '^step'^  in  the 
topography.  Plate  III,  A^  shows  that  part  of  the  Mancos  shale  above 
discussed  and  also  the  lower  part  of  the  Ferron  member.  This  shale 
weathers  into  bad  lands  alcmg  the  base  of  the  scarp. 

nOUION   SANDSTONE  MEMBEB. 

The  Ferron  sandstone  member  of  the  Mancos  shale  is  well  de- 
veloped in  the  vicinity  of  Ferron  and  Emery  and  rests  conformably 
upcm  the  shale  above  described.  It  crops  out  in  the  upper  part  of  a 
prominent  scarp  which  ranges  from  80  to  1,000  feet  in  height.  This 
member  becomes  thicker  from  a  point  near  Mounds,  where  it  is  about 
75  feet  thick,  to  Last  Chance  Creek,  70  miles  southwest,  where  it  is 
about  800  feet  thick.  Local  unconformities  occur  within  the  Ferron 
sandstone,  as  illustrated  by  Plate  III,  B.  A  section  measured  on 
Last  Chance  Creek  shows  this  coal-bearing  sandstone  portion  of 
the  Mancos  to  be  more  than  800  feet  thick.  Eight  stratigraphic  sec- 
tions on  Plate  IV  show  the  gradual  increase  in  thickness  of  the  for- 
mation toward  the  southwest.  Concretionary  beds  near  the  base  of 
the  Ferron  sandstone  extend  from  Mounds  to  Ivie  Creek,  but  south 
of  that  stream  concretions  are  not  so  conspicuous.  In  some  places 
these  spherical  concretions  are  much  more  abundant  than  in  others, 
being  very  large  and  numerous  north  of  Ferron  Creek.  Plate  V 
shows  a  typical  exposure  of  these  concretions  in  the  vicinity  of  Castle- 
dale.  The  Ferron  member  of  the  Mancos  shale  in  the  Emery  field 
carries  the  principal  coal  beds,  all  of  which  lie  above  the  concre- 
tionary horizon  above  described.  This  coal,  however,  is  of  little 
value  north  of  an  east-west  line  through  Emery.  Carbonaceous  ma- 
terial occurs  in  this  sandstone  for  several  miles  north  of  the  place 
(south  side  of  T.  21  S.,  R.  7  E.)  where  the  first  coal  of  economic 
importance  crops  out. 

Fossils  were  collected  from  the  lower  part  of  the  Mancos  shale 
and  were  identified  by  T.  W,  Stanton,  who  considered  them  indica- 
tive of  "brackish-water  fauna,  probably  of  Colorado  age."  The 
fossils  from  the  Ferron  sandstone  member  do  not  conclusively  prove 
its  age,  but  as  the  fossils  collected  stratigraphically  above  and  below 
it  are  definitely  of  Mancos  age,  there  can  be  no  doubt  that  the  Ferron 
sandstone  is  also  Mancos.  The  fossils  collected  on  Ivie  Creek  about 
50  feet  above  the  base  of  the  Ferron  member,  in  sec.  17,  T.  23  S., 
R.  6  E.,  about  8  miles  south  of  Emery,  are  given  below. 


Ostrea  sp. 

Ck)rbicula  sp.,   related  to  O.   dnrkeei 
Meek. 


TurriteUa?  sp. 
Corbula  sp. 
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The  Ferron  member  corresponds  liihologically  and  stratigraphi- 
cally  to  the  Blue  Gate  sandstone  in  the  Henry  Mountains,  described 
by  Gilbert.^  The  following  section  of  the  Ferron  sandstone  was 
measured  on  Ivie  Creek  in  the  north  half  of  T.  23  S.,  S.  6  E.,  and 
shows  the  thickness  and  distribution  of  the  coals  in  that  locality : 

Section  of  Ferron  sandstone  member  of  Mancos  shale  on  Itfie  Creek  8  mile* 

south  of  Emery. 

Ft.      In. 
Sandstone,  gray;  weathers  yeUowish  brown;  massive; 

contains  more  or  less  persistent  layers  of  gray  to 
black  shale,  some  of  which  is  carbonaceous.  The 
upper  40  feet  of  this  massive  sandstone  in  places 
changesi  very  al>ruptly  into  a  slightly  sandy  carbo- 
naceous shale 150i: 

Bed  J,  location  206: 

Coal 1      2 

Shale,  black,  carbonaceous,  sandy 9 

Coal 1      2 

Shale,  black,  carbonaceous,  grading  upward  into  drab 

sandy  shale 11      0 

Bed    I,    location    100:    Coal,    weathered.      This    bed 
changes  abruptly  into  a  carbonaceous  shale  a  short 

distance  from  the  point  measured 3      6 

Shale,  brown ;  weathers  gray ;  carbonaceous,  sandy 3      0 

Sandstone,  gray;  weathers  yellow  and  brown;  massive. 
Beds  of  sandy  gray  to  brown  shale  as  thick  as  4  feet 

are  interstratifled  with  the  sandstone 86      0 

Shale,  black,  carbonaceous,  showing  a  transition  upward 

into  drab  shale,  which  becomes  sandy  near  top 3      0 

Bed  D,  location  148:  Coal,  blocky 1      6 

Shale,  clayey,  drab ;  Joints  iron  stained ;  upper  part  very 

gypsiferous  and  carbonaceous 7      6 

Bed  C,  location  148: 

Coal— 8      4 

Clay,  sandy,  yellow,  drab  at  top 1      9 

Coal,  fair,  much  weathered 3      8 

Sandstone,  brown,  carbonaceous } 

Coal,  fair,  much  weathered 1      4 

Shale,  brown,  carbonaceous,  in  places  sandy 8      5 

Bed  B,  location  132:  Coal,  blocky,  fair 1      8 

Sandstone,  gray ;  weathers  brown ;  medium  bedded,  very 

lenticular ;  in  places  represented  by  drab  sandy  shale.    23      0 
Shale,  brown,  carbonaceous,  showing  a  transition  up- 
ward into  gray  sandy  shale 31      0 

Bed  A,  location  121 : 

Coal,*  fair,  weathered 1      2 

Shale,  brown,  carbonaceous 4 

Coal,  brown,  fair 4 

Shale,  brown,  sandy 6 

»  Gilbert,  <3.  K.,  op.  cit,  pp.  4,  5. 
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Bed  A,  location  121 — Continued.  Ft.      in. 

Coal 1      2 

Coal,  bony 7 

Coal 3      6 

Shale,  brown,  carbonaceous,  sandy 10 

Sandstone,  white,  medium  grained 1      0 

Shale,  brown,  carbonaceous,  sandy 4 

Sandstone,   lenticular 4 

Shale,  brown,  carbonaceous,  sandy ;  contains  a  little  coal 

in  places 4      0 

Sandstone,  gray,  massive 57      0 

Sandstone,    shaly   and   thin   bedded   at  base,    medium 

bedded  above 16      0 

Sandstone,  shaly,  carbonaceous;  contains  thin  lenses  of 

coal  and  at  some  other  places  is  represented  by  coal—  5 

Sandstone,  thin  bedded,  very  soft,  carbonaceous 4      0 

Sandstone,  yellowish  gray,  calcareous,  very  fossillferous.  10 
Shale,  drab  to  yellow,  sandy;  upper  part  (1)  feet)  very 

fossillferous 14      6 

Sandstone,  yellowish  gray;  weathers  brown;  somewhat 
cross-bedded,  ledge  maker;  contains  thin  lenses  of 
shale  in  places ;  the  top*  of  this  sandstone  forms  a 
structural  terrace  on  which  rest  gravel  and  bowlders 

of  basalt 40     0 


475      li± 


The  above  section  shows  an  unusual  thickness  of  coal.  Taff  ^  con- 
sidered this  sandstone  (''  sandstone  of  the  Red  Plateau '')  to  be  the 
same  formation  that  caps  Cedar  Mountain  (Bed  Plateau),  35  miles 
to  the  northeast,  but  the  latter  formation  is  about  1,200  feet  strati- 
graphically  below  the  former  and  probably  is  equivalent  to  a  con- 
glomerate at  the  base  of  the  Henrys  Fork  group  of  Gilbert's  Henry 
Mountains  classification,  or  about  450  feet  below  the  top  of  the 
McElmo  formation.'  As  these  formations  are  in  some  respect  simi- 
lar, and  as  TaflTs  work  along  the  east  side  of  Castle  Valley  was 
entirely  reconnaissance,  his  conclusion  that  the  coal-bearing  sand- 
stone south  and  east  of  Emery  is  the  same  as  the  formation  capping 
Cedar  Mountain  naturally  followed. 

SHALE  ABOVE  THE  FEBBON   SANDSTONE  MEMBEB. 

The  upper  shaly  part  of  the  Mancos  shale  ("shale  of  Castle 
Valley"  of  Taffs  classification)  is  about  3,000  feet  thick,  as  de- 
termined a  few  miles  northeast  of  Emery.  It  rests  with  apparent 
conformity  upon  the  Ferron  sandstone  member  and  probably  should 
be  correlated   with  the  Masuk  shale  of   Gilbert's  section   of  the 

^  Taff,  J.  A..  Book  CliflTs  coal  field,  Utah,  west  of  Green  River :  TJ.  S.  Geol.  Sarvey  Bull. 
285.  p.  291.  1906. 
'Gilbert.  G.  K..  op.  cit.,  p.  4. 

21246"— Bull.  628—10 3 
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Cretaceous  of  the  Henry  Mountains  regicm.^  This  subdivisicm  of 
the  Mancos  shale  is  grayish  drab  in  color,  and  is  sandy  in  its  lower 
and  upper  parts.  The  upper  part  in  some  places  contains  lenses  of 
friable  yellowish-gray  sandstone.  Fossils  collected  in  the  lower  part 
of  the  shale  above  the  Ferron  sandstone  member  indicate  that  this 
shale  is  unquestionably  of  Mancos  age.  The  species  identified  by 
T.  W.  Stanton  are  typical  of  the  lower  part  of  the  Mancos  and  are 
as  follows: 


Ostrea  sp. 

BacuUtes  sp. 

Fish  scales  and  bones. 


Inoceramus  acutipUcatns  Stanton? 
Inoceramus  labiatus  Schlotheim« 
Inoceramus  sp. 
Ostrea  congesta  Conrad. 

The  topographic  forms  resulting  from  the  erosion  of  this  part  of 
the  Mancos  shale  are  similar  to  those  of  the  shale  below  the  Ferron 
member.  This  upper  shale,  together  with  the  overlying  Mesaverde 
formation,  constitutes  the  "  riser  "  of  the  "  step  "  formed  by  the  over- 
Ijing  Mesaverde  that  caps  the  east  face  of  the  Wasatch  Plateau. 

USAVZBSZ  YOBXATXOV. 

The  Mesaverde  formation  in  this  region  consists  of  yellowish-gray 
sandstone,  sandy  shale,  and  coal  beds.  The  outcrops  form  the  upper 
part  of  the  prominent  east  scarp  of  the  Wasatch  Plateau.  From 
western  Colorado  westward  along  the  Book  Cliffs  to  Castle  Gate, 
Utah,  and  thence  southwestward  along  the  Wasatch  Plateau,  the 
Mesaverde  rocks  occupy  the  same  relative  position  in  this  extensive 
cliff.  The  formation  becomes  thinner  to  the  south,  as  is  shown  by 
measurements  at  Sunnyside,  Utah,  where  about  1,650  feet  of  it  is 
exposed,^  and  at  Emery,  where  the  writer  by  aneroid  barometer  de- 
termined the  thickness  to  be  about  1,150  feet.  Taff '  called  this  coal 
formation  Laramie.  Regarding  its  thickness  he  said :  ^'  In  the  Book 
Cliffs  the  sandstone  is  estimated  to  be  not  less  than  1,000  feet  thick.'' 
Many  of  the  sandstones  included  in  the  formation  are  massive  and 
in  places  are  200  feet  or  more  in  thickness.  The  prominent  coal 
beds  occur  mainly  in  the  sandy  shale  portions  of  the  formation, 
but  as  it  was  not  examined  in  detail  for  coal  little  can  be  said  as  to 
the  number  and  thickness  of  the  coal  beds  present.  In  some  places 
the  coal  has  been  burned,  producing  slag;  in  other  places  the  burning 
has  merely  oxidized  the  small  quantities  of  iron  in  the  rocks,  giving 
them  a  brick-red  color.  In  the  vicinity  of  Emery  the  principal  coal 
beds  are  included  within  about  500  feet  of  strata,  beginning  200  or 
300  feet  above  the  base  of  the  formation. 


1  Gilbert,  Q.  E.,  op.  dt.,  pp.  4,  6. 
*  Unpublished  data  furnished  by  F.  R.  Clark. 

•Taff,  J.  A.,  Book  Cllffa  coal  field,  rtah.  w^t  of  Green  Rlyer:  IT.  8.  Oeol.  Survey  Bull. 
285,  pp.  291-203,  1906. 
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A  part  of  the  Mesaverde  formation  was  measured  in  the  canyon  of 
Ferron  Creek,  as  shown  below. 

Section  of  pari  of  the  Mesaverde  formation  in  Ferron  Creek  canyon  al>out  12 

mUet  alightly  north  of  ioest  of  Perron. 

m 

Ft.     In. 

Sandstone,  yellowish  gray,  mainly  massive 20+ 

CJoal 3      3 

Shale,  bluish  gray,  showing  transition  into  carbona- 
ceous shale 2      0 

Sandstone,  gray,  weathers  buff,  fine  grained 4      6 

Shale,  sandy  and  shaly  sandstone,  gray 5      6 

Sandstone,  gray,  weathers  buff,  medium  bedded;  eon- 
tains  leaves  in  upper  part 7      6 

Shale,  black,  carbonaceous 1      0 

Coal,  weathered 4      2 

Shale,  brown,  carbonaceous 2      6 

Ck)al,  much  weathered 4      6± 

Sandstone,  gray,  massive 254- 

Sandstone,  yellowish   gray,   thin  bedded    (to   level   of 

Ferron  Creek) 40-H 

119    11  ± 
Total  coal 11    11± 

Fossil  leaves  were  collected  at  this  locality  and  were  identified  by 
F.  H.  Knowlton  as  Sequoia  reichenbdcM  (Geinitz)  Heer  and  frag- 
mentary dicotyledons,  which  he  states  are  ^  presumably  Montana " 
in  age. 

It  is  probable  that  this  formation  is  equivalent  to  the  Masuk  sand- 
stone, about  500  feet  thick,  as  described  by  Gilbert,^  occurring  in 
the  Henry  Mountains  region,  80  miles  southeast  of  Emery,  where 
it  is  coal  bearing  and  similar  to  the  Mesaverde  both  lithologically 
and  stratigraphically. 

TERTIARY  SYSTEM. 
EOCENE  8EBIEB. 

WASATCH    FORMATION. 

The  Wasatch  formation  was  examined  by  the  writer  at  only  one 
locality  in  the  area  under  consideration.  This  formation  consists  of 
alternating  beds  of  soft  varicolored  sandstone  and  sandy  shale,  pos- 
sibly 1,000  feet  thick. 

Wherever  the  contact  between  the  Wasatch  formation  and  the 
underlying  Mesaverde  formation  has  been  carefully  examined  in 
northeastern  and  central  Utah,  evidences  of  an  unconformity  of  a 
greater  or  less  degree  are  unquestionable.    On  Deep  Creek,*  about 

^  Gilbert,  O.  K.,  op.  dt.,  pp.  4,  6. 

*  Lapton,  C.  T.,  The  Deep  Creek  district  of  the  Vernal  coal  field,  Uinta  County,  Utah  : 
U.  S.  0«ol.  Suirey  Bull.  471,  p.  685,  1912. 


86        GEOLOGY  AND  COAL  BESOUBCES  OF  CASTLE  VALLEY,  UTAH. 

12  miles  northwest  of  Vernal,  the  Wasatch  formation  rests  upon  an 
eroded  surface  of  the  Manoos  shale.  Near  Vernal^  and  northeast  of 
Blacktail  Mountain  ^  it  lies  unconf  ormably  upon  the  lower  part  of 
the  Mesaverde,  and  northwest  of  Blacktail  Mountain*  it  rests  on  the 
higher  beds  of  the  Mesaverde.  In  the  vicinity  of  Castle  Valley  the 
unconformity  is  not  so  pronounced  as  it  is  farther  north,  along  the 
south  flank  of  Uinta  Mountains. 

At  the  north  end  of  Castle  Valley,  near  Sunnyside,  about  3,700  feet  ^ 
of  strata  constitute  the  Wasatch  formation.  Its  base  is  marked  by 
about  3  feet  of  yellowish-gray  conglomerate.  The  pebbles,  which  are 
partly  subangular  and  partly  well  rounded,  range  from  sand  grains 
to  pebbles  3  inches  in  diameter.  The  matrix  is  a  hard,  well-cemented 
mass  of  fine  quartz  grains.  The  Wasatch  near  Emery  is  estimated  to 
be  1,000  feet  thick,  showing  a  great  decrease  in  the  thickness  of  this 
formation  toward  the  south,  which  is  true  also  of  the  Mesaverde  for- 
mation, as  mentioned  above.  The  topographic  forms  resulting  from 
the  erosion  of  the  Wasatch  formation  are  smooth  slopes  which  present 
a  striking  contrast  to  the  cliffs  formed  by  rocks  of  the  overlying^ 
Green  River  (?)  formation  and  the  underlying  Mesaverde.  No 
minerals  of  any  economic  importance  are  known  to  be  present  in  the 
Wasatch  formation  of  this  immediate  region;  but  near  Colton  and 
Wales,  75  to  150  miles  northwest,  thin  coal  beds  are  present. 

OBEBN  BIVEB  (?)   FORMATION. 

The  Green  River  (?)  formation  overlies  the  Wasatch  and  in  tliis 
locality  consists  of  about  800  feet  of  grayish-drab  fine-grained  cal- 
careous sandstone  and  sandy  shale,  which  weather  white.  This  for- 
mation, which  caps  the  highest  part  of  the  Wasatch  Plateau  west  of 
Emery,  crops  out  in  almost  vertical  cliffs.  Although  no  opportunity 
was  afforded  to  determine  the  character  of  the  contact  at  the  base 
of  the  Green  Kiver  (?)  formation,  yet  it  is  believed  to  rest  conform- 
ably on  the  Wasatch  formation  above  described. 

QUATERNARY    (?)     SYSTEM. 

PLEISTOOEKE   (f)  8E&IE8. 
AXLUVIAL  FANS. 

Former  stages  of  erosion  are  recorded  by  the  presence  of  numerous 
remnants  of  alluvial  fans,  probably  of  Quaternary  age.  These 
fans  fringe  the  east  face  of  the  Wasatch  Plateau  for  its  entire  length 

^  Gale,  H.  8.,  Coal  fields  of  northweatern  Colorado  and  northeastern  Utah :  U.  8.  Geol. 
Surrey  Bnll.  416,  p.  205.  pi.  21,  1910. 

>Lupton,  C.  T..  The  Blacktail  (Tabby)  Mountain  coal  field,  Wasatch  County,  UUh: 
17.  8.  Geol.  Surrey  Bull.  471,  p.  607,  1912.  ' 

•Idem,  pp.  607,  608. 

« Determined  by  F.  R.  Clark. 
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and  are  equally  numerous  along  the  Book  Cliffs,  which  extend  south- 
eastward and  eastward  into  Colorado.  The  upper  surfaces  of  the 
fans  slope  from  the  plateau  at  angles  ranging  from  almost  horizon- 
tal to  15^,  being  steepest  near  the  cliffs.  The  drift  or  wash  in  these 
remnants  is  thickest  near  the  cliffs  and  becomes  thinner  as  the  dis- 
tance from  the  upland  is  increased.  The  greatest  thickness  of  debris 
.or  fan  material  observed  at  any  one  place  is  about  50  feet. 

In  most  places  the  fans  seem  to  have  been  formed  about  the  base 
of  a  somewhat  dissected  cliff  from  which  intermittent  streams  carry 
large  amounts  of  material.  The  positions  of  the  alluvial  fans  of  the 
first  stage  of  erosion,  represented  now  by  renmants  of  fans,  show 
conclusively  that  the  present  courses  of  the  streams  have  changed  but 
little  since  the  time  of  the  formation  of  the  fans,  because  nowhere, 
so  far  as  was  observed  by  the  writer,  does  a  perennial  stream  flow 
through  the  ruins  of  one  of  these  once  complete  erosion  forms. 
Erosion  has  so  thoroughly  dissected  these  old  alluvial  fans  that  in 
places  only  a  few  remnants  in  the  forms  of  mesas  and  buttes,  with 
sloping  upper  surfaces,  are  left  to  mark  the  position  of  a  former 
large  fan.  Along  the  Book  Cliffs  and  Wasatch  Plateau  alluvial  fans 
are  formed  with  considerable  rapidity  (in  the  geologic  sense)  and 
are  dissected  with  equal  speed,  because  of  the  fact  that  the  material 
on  which  the  drift  is  deposited  (Mancos  shale)  succumbs  to  erosion 
as  readily  as  the  semiconsolidated  detritus  of  the  fans  themselves. 
The  older  renmants  near  the  cliffs  are  from  200  to  300  feet  above  the 
surrounding  country,  but  a  few  miles  east  of  the  plateau  they  are 
low  and  grade  into  the  floor  of  Castle  Valley. 

Remnants  of  lower  and  more  recent  fans  are  also  present,  but  they 
are  much  more  nearly  complete.  The  material  being  eroded  at 
present  is  being  deposited  along  the  base  of  the  Wasatch  Plateau  in 
the  form  of  alluvial  fans. 

TEBBACE  GBAVELB. 

Renmants  of  gravel-capped  terraces,  which  probably  are  of  the 
same  age  as  the  remnants  of  the  older  and  higher  alluvial  fans  above 
described,  occur  at  several  places  along  the  streams  that  cross  Castle 
Valley.  One  of  the  most  prominent  of  these  renmants  is  situated  in 
the  E.  i  sec.  26,  T.  19  S.,  R.  8  E.  It  is  in  the  form  of  a  small  mesa 
or  butte,  the  top  of  which  is  a  few  acres  in  extent  and  lies  about  250 
feet  above  the  level  of  Ferron  Creek.  The  upper  10  to  15  feet  of  the 
mesa  is  a  slightly  consolidated  conglomerate,  the  pebbles  of  which 
consist  of  well-rounded  fragments  of  yellowish-gray  sandstone,  gray 
and  drab  limestone,  quartzitic  sandstone,  and  black  cherty  material, 
and  range  in  size  from  sand  grains  to  bowlders  1  foot  in  diameter. 
Another  gravel-capped  terrace  remnant  of  probably  the  same  age  is 
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situated  on  the  north  side  of  Ferron  Creek  near  the  southwest  comer 
of  sec.  34,  T.  J9  S.,  R.  8  E.  A  few  miles  below  the  junction  of  Ferron 
and  Cottonwood  creeks,  on  San  Rafael  River  at  the  west  end  of 
Fullers  Bottom,  is  a  terrace  remnant  capped  with  gravel,  its  top 
about  100  feet  above  the  river  level,  which  is  believed  to  be  of  the 
same  age  as  those  described  above.  A  terrace  remnant  at  a  similar 
height  above  the  stream  is  situated  on  the  west  side  of  Ferron  Creek 
about  1  mile  above  its  mouth.  Other  remnants  of  probably  the  same 
age  occur  along  both  sides  of  the  same  creek  about  5  miles  above  its 
mouth,  in  sec.  36,  T.  19  S.,  R  8  E.,  and  sec.  2,  T.  20  S.,  R.  8  E.  The 
pebbles  composing  the  conglomerate  in  the  tops  of  these  terraces  are 
similar  in  size  and  composition  to  those  in  the  conglomerate  capping 
the  small  mesa  in  sec.  26,  T.  19  S.,  R.  8  E.,  referred  to  above. 

Gravel-Capped  terrace  remnants  about  50  feet  above  the  stream  bed 
occur  on  each  side  of  Huntington  Creek  in  sees.  33  and  34,  T.  18  S., 
R.  9  E.,  and  sees.  3, 4, 8,  and  9,  T.  19  S.,  R.  9  E.  Similar  terrace  rem- 
nants exist  along  the  west  side  of  Ferron  Creek  about  1  mile  above 
its  mouth,  along  Muddy  Creek  in  sees.  12  and  13,  T.  23  S.,  R.  6  E., 
and  on  the  north  side  of  Quitchuppah  Creek  in  sees.  28,  32,  and  33, 
T.  22  S.,  R.  6  E.,  north  and  northwest  of  the  Browning  mine. 

The  most  conspicuous  gravel-capped  terraces  in  the  entire  field 
occur  directly  south  of  Ivie  Creek  in  T.  23  S.,  Rs.  5  and  6  E.,  and 
T.  24  S.,  R.  5  E.  Five  of  these  terraces,  represented  by  numbers  from 
1  to  5  on  Plate  XII,  are  in  the  southeastern  part  of  T.  23  S.,  R.  5  E., 
and  the  highest  one  (No.  6)  lies  for  the  most  part  in  sees.  4  and  9, 
T.  24  S.,  R.  6  E.  The  following  table  shows  the  average  vertical  dis- 
tance between  the  terraces : 

Approximate  average  vertical  distance  between  terraces  south  of  Ivie  Creek. 


No. 

FMt. 

Datum  plane. 

6 
5 
4 
8 
2 
1 

aoo 

60 
fiO 
76 
80 
150 

Above  No.  5. 
Above  No.  4. 
Above  No.  8. 
Above  No.  3. 
Above  No.  1. 
Above  Ivle  Creek. 

Some  of  the  terraces  are  missing  in  places,  as  shown  on  Plate  XII, 
and  all  of  them  have  been  eroded  considerably.  Terrace  No.  5  is 
more  than  6  miles  long,  but  it  includes  only  a  little  more  area  than 
No.  4.  The  highest  terrace  (No.  6)  is  much  eroded  and  covers  ap- 
proximately 1  square  mile.  Terraces  Nos.  1,  2,  and  3  cover  com- 
paratively small  areas,  are  narrow,  and  are  irregular  in  outline,  but 
Nos.  4  and  5  have  a  much  larger  extent.  In  general,  these  terraces 
slope  to  the  north  at  an  average  of  0.5°  or  more,  but  in  places  the 
upper  surfaces  slope  as  much  as  4.5°,  as,  for  example,  at  Windy 
Point,  in  the  northern  part  of  sec.  1,  T.  24  S.,  R.  5  E. 
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Directly  north  of  Ivie  Creek  the  terraces  are  not  present,  except  in 
a  small  area  included  principally  in  sec.  33,  T.  23  S.,  R.  5  E. 

The  material  composing  the  greater  part  of  the  gravels  which  cap 
the  terraces  consists  principally  of  subangular  to  romided  frag- 
ments of  basalt,  the  largest  of  which  are  4  or  5  feet  in  diameter. 
They  are  derived  from  the  extensive  masses  of  this  rock  in  the 
vicinity  of  Mount  Hilgard  and  Mount  Alice  and  to  the  southwest. 
In  places  as  much  as  20  feet  of  this  material  rests  unconformably  on 
the  Mancos  shale. 

QUATERNARY  SYSTEM. 


The  deposits  of  Becent  age  comprise  the  soil  which  forms  a  mantle 
over  the  greater  part  of  the  floor  of  Castle  Valley  and  which  is  very 
productive  wherever  moisture  is  sufficient;  the  low  gravel-covered 
terraces  along  streams;  the  low  extensive  compound  alluvial  fans 
along  the  base  of  the  Wasatch  Plateau  and  lower  scarps;  and  sand 
dunes  of  small  extent  in  T.  21  S.,  Rs.  7  and  8  E. 

IGNEOUS  BOCKS. 

The  east  face  of  a  basalt-capped  upland  which  connects  Mount 
Hilgard  and  Thousand  Lake  Mountain  extends  northward  across 
sees.  9  and  4,  T.  26  S.,  R.  4  E.,  and  sees.  33  and  28,  T.  25  S.,  R.  4  E., 
and  then  veers  slightly  to  the  west.  No  definite  information  regard- 
ing the  thickness  of  these  igneous  rocks,  which  are  described  at  length 
by  Dutton,^  was  obtained.  In  addition  to  this  basalt,  a  few  dikes 
of  the  same  material  occur  in  sec.  34,  T.  25  S.,  R.  4  E.,  and  in  sees.  2 
and  11,  T.  25  S.,  R.  5  E. 

STBtrCTUSK 


GENERAL  FEATURES.  - 

The  structure  of  C^^fstlfi  Vnl^'^y  i^  monoclinal  and  very  simple. 
In  general  the  strata  dip  slightly  to  the  northwest,  but  here  and 
there  small  local  domes  are  present.  The  beds  are  probably  a  little 
more  steeply  inclined  at  the  south  end  of  the  field  than  at  any  other 
place.  The  McElmo  and  La  Plata  rocks  as  a  rule  dip  more  steeply 
than  the  beds  stratigraphically  above  or  below  them.  The  younger 
Mesaverde,  Wasatch,  and  Green  River  (?)  formations  lie  almost  hori- 
zontal. Some  faulting  has  occurred  along  the  east  scarp  of  the 
Wasatch  Plateau,  at  the  south  end  of  the  field,  and  on  the  west  slope 
of  Cedar  Mountain  or  Red  Plateau. 

^Datton.  C.  E.,  Report  on  the  geology  of  the  high  plateaus  of  Utah,  pp.  271,  280,  U.  S. 
Oeog.  and  Geol.  Survey  Bocky  Mtn.  Region,  1880. 
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UFFOLDS  AND   DOMES. 

Small  local  upfolds  and  domes  exist  at  several  places  in  Castle  Val- 
ley. They  are,  named  in  order  from  north  to  south,  the  Famham  up- 
f  old,  northeast  of  Famham,  a  flag  station  on  the  Denver  &  Rio  Grande 
Eailroad ;  the  Castledale  dome,  on  Cottonwood  Creek,  about  3  miles 
east  of  Castledale;  the  Paradise  dome,  south  of  Ferron  Creek  and 
about  8  miles  east  of  the  town  of  Ferron,  in  the  northeastern  part  of 
T.  20  S.,  R.  8  E. ;  the  Rochester  upf old,  in  the  southeastern  part  of 
T.  21  S.,  E.  7  E.,  3  miles  east  of  Rochester;  and  the  Last  Chance 
Creek  dome,  in  the  eastern  part  of  T.  25  S.,  R.  5  E.,  directly  east  of 
the  principal  escarpment. 

The  Farnham  upfold,  an  elliptical  anticline  situated  mainly  north 
of  Price  River,  is  4  or  5  miles  long  from  north  to  south  and  about  2 
miles  wide.  Strike  faults  having  displacements  of  as  much  as  800 
feet,  with  the  upthrown  side  next  to  the  axis,  occur  at  each  side  of 
the  fold.  On  the  west  side,  where  the  dips  are  steepest  and  the  dis- 
placement is  the  greatest,  step  faults  are  present.  Along  the  east 
side  and  north  end  the  dips  range  from  nearly  zero  to  10®  or  15° ; 
on  the  west  side  the  strata  are  much  more  steeply  inclined  and  the 
dips  range  from  nearly  zero  some  distance  from  the  line  of  flexure  to 
nearly  vertical  at  one  point  near  the  southwest  comer  of  sec.  12,  T. 
15  S.,  R.  11  E.,  where  a  prominent  fault  terminates  and  a  flexure 
begins.  The  lowest  rocks  exposed  in  this  eroded  upfold  belong  to  the 
McElmo  formation. 

The  Castledale  dome  is  nearly  circular  and  is  about  3  miles  in 
diameter.  The  beds  are  horizontal  in  the  center  of  the  uplift  but 
dip  as  much  as  11®  at  the  west  side.  The  dome  is  slightly  dissected 
by  Cottonwood  Creek  and  some  of  its  northern  intermittent  tribu- 
taries. 

The  Paradise  dome  is  nearly  circular  and  is  about  2  miles  in  diam- 
eter. The  beds,  however,  do  not  dip  so  steeply  as  those  in  the  Castle- 
dale doine,  the  maximum  dips  being  6®  W.  and  2®  E.  Erosion  has 
exposed  the  upper  part  of  the  McElmo  formation  in  this  dome. 

The  Rochester  upfold  is  elliptical  and  is  about  Smiles  long  from 
northeast  to  southwest  and  1  mile  wide.  The  slight  deformation  oc- 
curring here  is  apparent  only  in  the  Ferron  sandstone  member  of  the 
Mancos  shale.  The  maximimi  dip  of  the  strata  in  this  upfold  is  15® 
W. ;  the  largest  eastern  dip  is  only  6®. 

The  Last  Chance  Creek  dome  is  larger  than  any  of  the  upfolds  or 
domes  above  described.  Only  its  western  and  northern  limits  are 
shown  on  Plates  X  and  XII.  It  was  not  studied  in  detail,  and  the 
dips  shown  on  the  maps  are  only  approximate.  These  upfolds  and 
domes  suggest  favorable  structure  for  the  accumulation  of  oil  and 
gas,  but  there  is  no  definite  evidence  that  they  contain  these  products. 


,    EMERY  FAULT,  NORTH  OF  IVIE  CREEK. 


B.     PARADISE  FAULT,  HEAR  THE  SOUTHWEST  END  OF  THE  E 
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Many  of  them  are  so  small  in  extent,  and  one,  the  Famham  upfold,  is 
so  much  faulted,  that  the  probabilities  that  they  contain  oil  or  gas 
in  commercial  quantities  are  very  remote.  Faulting,  however,  is  not 
always  an  unfavorable  condition  for  the  accumulation  of  oil  and  gas 
in  a  dome  or  anticline.  The  Famham  upf<dd  has  been  staked  for  oil 
once  or  twice,  and  it  is  now  reported  that  a  company  contemplates 
drilling  there. 

FAUUIB. 

The  faults  in  this  area  are  strike  faults — that  is,  their  trend  coin- 
cides with  the  strike  of  the  beds — and  are  situated  principally  on  the 
west  side  of  Castle  Valley  near  its  south  end,  adjacent  to  the 
Wasatch  Plateau.  Two  principal  faults,  the  Emery  fault  and  the 
Paradise  fault,  were  mapped  in  considerable  detail  and  are  shown 
on  Plates  X  and  XII.  Directly  west  of  the  Emery  fault  is  a  down- 
dropped  block  which  is  broken  by  numerous  minor  faults  and  which 
is  in  this  report  called  the  faulted  zone.  Although  some  of  the 
faults  in  the  faulted  zone  were  mapped,  no  attempt  was  made  to 
locate  in  detail  all  of  them. 

The  Emery  fault  is  about  20  miles  long  and  extends  in  a  southwest- 
erly direction  through  T.  22  S.,  Rs.  5  and  6  E.,  and  T.  23  S.,  R.  6  E., 
and  about  5  miles  south  into  T.  24  S.,  R.  5  E.  It  terminates  a  short 
distance  south  of  Deer  Peak,  in  sec.  29,  T.  24  S.,  R.  5  E.,  where  it 
intersects  a  short  concealed  east- west  fault,  the  downthrow  of  which 
is  on  the  north  side.  In  the  vicinity  of  Emery  the  downthrow  is 
comparatively  small,  but  it  increases  toward  the  southwest  to  about 
2,000  feet  near  Ivie  Credi:,  in  sec.  5,  T.  24  S.,  R.  5  E.  It  is  believed 
that  the  Emery  fault  is  continuous  from  its  north  end  to  a  point  1} 
miles  south  of  Ivie  Creek.  From  this  place  to  its  intersection  with 
the  east- west  fault  referred  to  above  its  position  is  covered  with  sur- 
face wash  and  talus,  so  that  its  continuity  is  somewhat  uncertain. 
The  Emery  fault  in  the  vicinity  of  Ivie  Creek  is  well  shown  by 
Plate  VI,  A. 

The  exact  location  of  the  east- west  fault  near  Last  Chance  Creek 
is  not  known,  but  its  existence  is  assumed  in  order  to  explain  the 
structure  in  this  immediate  locality.  As  is  indicated  on  both  Plates 
X  and  XII,  the  down-faulted  block  of  Mesaverde  rocks  which  in- 
cludes the  faulted  zone  lies  just  west  of  Deer  Peak  and  extends  con- 
tinuously as  far  north  and  northeast  as  Emery.  A  mile  or  more  south 
of  the  assimied  east- west  fault  beds  of  the  Ferron  sandstone  member 
crop  out  along  Last  Chance  Creek  and  are  unbroken  by  even  minor 
faults  from  the  prominent  escarpment  in  sec.  9,  T.  25  S.,  R.  5  E.,  as 
far  west  as  the  Paradise  fault,  in  sec  1,  T.  25  S.,  R.  4  E.  These  rela- 
tions necessitate  the  assumption  of  a  displacement  of  2,500  to  3,000 
feet  along  an  east- west  line. 
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On  Deer  Peak,  in  sec.  29,  T.  24  S.,  B.  5  E.,  there  are  several  small 
strike  faults  where  the  Mesaverde  strata  have  been  dragged  up  with 
the  Mancos  shale,  which  lies  east  of  the  faults.  The  prevailing  dips 
are  to  the  west. 

The  faulted  zone  west  of  the  Emery  fault  is  a  down-dropped  block 
of  Mesaverde  rocks,  which  has  been  broken  into  smaller  blocks  princi- 
pally by  numerous  strike  faults.  In  places  it  is  as  much  as  3  miles  in 
width,  but  elsewhere  it  is  very  narrow,  and  to  the  north  it  probably 
connects  with  the  Pleasant  Valley  and  Joes  Valley  faults  described 
by  Taff.^  This  faulted  belt  extends  parallel  to  the  Emery  fault  and 
was  studied  with  especial  care  along  Ivie  Creek  in  sees.  5  and  6,  T.  24 
S.,  R.  5  E.,  where  the  strata  are  well  exposed.  Directly  west  of  the 
Emery  fault  in  this  locality  there  is  a  block  of  Mesaverde  strata  from 
1,000  to  1,500  feet  wide,  dipping  about  31®  W.,  whereas  the  rocks 
lying  directly  west  of  this  block  are  much  more  nearly  horizontal, 
dipping  only  1®  to  10°  W.  This  attitude  of  the  strata  is  to  be  expected 
from  the  fact  that  the  faulted  zone  on  the  west  side  of  the  fault  has 
been  dropped,  but  those  beds  lying  immediately  west  of  the  fault  have 
been  retarded  in  their  descent,  thus  producing  steep  dips  in  the  strata 
near  the  fault  and  gradually  decreasing  dips  toward  the  west  away 
from  the  fault. 

Several  other  minor  faults  of  slight  throw  cross  Ivie  Creek  be- 
tween the  Emery  fault  and  the  Paradise  fault,  which  in  this  locality 
is  marked  approximately  by  the  edge  of  the  prominent  escarpment 
that  exposes  several  hundred  feet  of  that  part  of  the  Mancos  shale 
above  the  Ferron  sandstone  member  and  the  overlying  Mesaverde 
strata.  The  faulted  zone  becomes  less  prominent  south  of  Ivie  Creek 
and  terminates  at  the  short  east- west  fault  about  a  mile  north  of  Last 
Chance  Creek.  The  displacement  due  to  faults  within  the  faulted 
zone  is  much  less  than  at  the  edges  of  this  enormous  down-faulted 
block,  where  the  maximum  displacement  is  approximately  2,000  feet. 

The  Paradise  fault  was  mapped  in  detail  from  Ivie  Creek  to 
the  south  end  of  the  field,  in  sec.  4,  T.  26  S.,  R.  4  E.  Its  position 
north  of  Ivie  Creek  is  given  only  approximately.  This  fault  prob- 
ably connects  directly  with  the  Mille  Lac  (Thousand  Lake)  fault, 
which  was  first  described  by  Gilbert*  in  his  report  on  the  Henry 
Mountains.  Plate  VI,  B^  shows  the  Paradise  fault  near  Paradise 
Lake,  at  the  south  end  of  the  field.  North  of  the  east-west  fault 
about  a  mile  north  of  Last  Chance  Creek  the  Paradise  fault  has  its 
downthrow  on  the  east  side,  but  south  of  that  locality  the  down- 
throw is  on  the  west  side.  At  Last  Chance  Creek  the  strata  west  of 
the  fault  have  been  dropped  2,000  to  3,000  feet,  the  displacement 

^Taff.  J.  A..  The  Pleasant  Valley  coal  dlatrict.  Carbon  and  Emery  coontlet,  Utah: 
U.  8.  Geol.  Survey  Bull.  316,  pp.  843-346*  pi.  20,  1007. 
*  Gilbert,  G.  K.,  op.  cit.,  pi.  2. 
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equaling  the  thickness  of  the  Mancos  shale  above  the  Ferron  sand- 
stone member,  as  is  shown  by  the  fact  that  the  top  of  that  sand- 
stone on  the  east  side  of  the  fault  is  now  at  the  level  of  the  lower 
part  of  the  Mesaverde  formation  on  the  west  side  of  the  fault.  It  is 
believed  that  the  displacement  at  the  south  end  of  the  field  is  prob- 
ably 500  feet  more  than  that  at  Last  Chance  Creek. 
'  The  faults  within  the  Famham  upf old  have  been  referred  to  above 
(p.  40).  The  principal  fault  on  the  west  side  of  the  fold  extends 
more  than  a  mile  south  of  Price  Kiver.  In  the  northern  part  of  sec. 
27,  T.  15  S.,  K.  11  E.,  it  strikes  N.  40""  E.  and  has  a  displacement  of 
about  200  feet,  the  downthrow  being  on  the  east  side.  North  of 
Price  Kiver  the  maximum  throw  is  at  least  300  feet. 

A  few  faults  exist  on  the  west  slope  of  Cedar  Mountain  or  Red 
Plateau,  near  the  north  end  of  the  field.  One  of  these  has  a  throw 
of  possibly  200  or  300  feet  and  is  from  2  to  4  miles  in  length.  Other 
minor  faults,  mainly  of  this  same  type,  occur  at  the  south  end  of 
Cedar  Mountain. 

THE  COAIi. 
QENERAL  TSATUBBa 

The  coal  field  herein  described  (see  PL  X,  p.  74)  lies  east,  south, 
and  southwest  of  Emery.  The  coal,  as  shown  by  its  resistance  to 
weathering  (^^  stocking  "  qualities)  and  its  chemical  composition,  is  a 
good  bituminous  coaL  All  the  commercially  important  coal  beds  in 
this  field  occur  in  the  Ferron  sandstone  member  of  the  Mancos  shale, 
which  was  mapped  from  Mounds  south  westward  for  about  80  miles, 
to  the  south  end  of  the  field,  in  the  northern  part  of  T.  26  S.,  R.  4  E. 
The  northernmost  coal  of  importance  appearing  at  the  surface  in  the 
Ferron  sandstone  crops  out  in  sec.  26,  T.  21  S.,  R.  7  E.  From  this 
locality  to  the  southern  edge  of  the  field  no  one  coal  bed  was  found 
to  be  continuous  for  the  entire  distance  of  33  miles,  but  coal  is 
present  in  one  or  more  beds  at  every  place  examined,  except  in  part 
of  T.  22  S.,  R.  7  E.  (see  PL  X),  where  the  coal-bearing  rocks  are 
believed  to  be  barren  of  coal  of  economic  importance.  The  Ferron 
sandstone  contains  14  coal  beds  in  the  Emery  coal  field.  These  beds 
are  designated  on  Plates  VIII,  IX,  and  X  by  the  letters  A  to  L,  La, 
and  M.    Bed  A  is  the  lowest  and  bed  M  the  highest  stratigraphically. 

The  Dakota  sandstone  in  places  contains  thin  lenses  of  coal  which 
are  of  little  or  no  economic  importance  compared  with  the  coal  in 
the  Ferron  sandstone  member  in  Castle  Valley  and  in  the  Wasatch 
Plateau  field,  to  the  west.  This  coal  is  discussed  in  detail  under 
"Coal  in  the  Dakota  sandstone''  (pp.  74-76). 

Good  coal  occurs  in  the  Mesaverde  rocks  that  crop  out  in  the  east 
face  of  the  Wasatch  Plateau  immediately  west  of  the  Emery  coal 
field,  but  only  one  section  of  this  coal  (No.  422,  near  Paradise  Lake) 
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was  measured.    Plate  X   (p.  74)   shows  the  outcrop  of  the 
beds  in  the  Ferron  sandstone  member  and  the  prospects,  muu 
and   exposures   where  the  coal  beds  were  measured,  as  well 
roads,  houses,  streams,  faults,  dikes,  geologic  boundaries,  and  tl 
principal  sandstone  cliffs.    The  locations  at  which  the  coal  was  m< 
ured  are  indicated  by  numbers,  which  are  arranged  on  the  map 
described  in  the  text  by  townships  in  order  from  north  to  soutl 
The  beds  are  considered  from  the  base  of  the  coal  group  upwai 
except  in  the  description  of  the  coal  in  T.  21  S.,  K.  7  E.,  whei 
a  coal  bed  is  described  whose  correlation  with  any  coal  in  the  to^ 
ship  to  the  south  is  unknown.    The  areas  of  clinker  indicated  on  tl 
map  represent  localities  where  the  coal  has  been  burned  along  tl 
outcrop.    South  of  Ivie  Creek  the  approximate  elevations  of  num< 
ous  points  on  the  coal  outcrops  as  well  as  elsewhere  are  shown, 
comparison  of  these  altitudes  will  indicate  something  of  the  to] 
raphy  and  relief. 

COBBELATIOK  OF  COAL  BEDS  IN  FEBBOK  SANDSTONE  KEMBEB  (|m 

MANCOS  SHALR 

Plate  VII  (p.  44)  shows  18  graphic  sections  of  beds  that  con< 
more  or  less  coal.    They  are  arranged  on  the  plate  from  right  to 
in  order  as  they  appear,  from  northeast  to  southwest,  along  the  oi 
crop  of  the  coal-bearing  formation.    These  sections  show  sometl 
of  the  vertical  distribution,  the  variation  in  occurrence,  and 
change  in  the  distances  between  the  coal  beds  in  the  Emery  fiel 
The  localities  at  which  these  sections  were  measured  are  indicai 
on  the  map  (PL  X)  by  letters  corresponding  to  those  placed  at 
tops  of  the  sections  on  Plate  VII.    The  letters  at  the  left  of  the 
tions  indicate  coal  beds.    The  figures  at  the  right  of  the  sectioi 
refer  to  the  coal  sections  measured  at  those  places,  and  for  the  m< 
part  shown  graphically  on  Plates  VIII  and  IX.    The  appro: 
distances  between  the  places  at  which  the  sections  were  measured 
also  shown.  R'**^ 

Some  of  the  coal  beds  that  occur  near  the  middle  of  the  Fen 
sandstone  on  Ivie  Creek  (see  sections  K  and  L,  PI.  VII)  are  eithi 
thin  or  not  exposed  at  the  surface  at  the  south  end  of  the  coal  &i 
(see  sections  P,  Q,  and  R,  PI.  VII).    Many  of  the  sections  do  m 
show  all  the  coal  beds,  but  the  lack  may  be  due  to  poor  exposi 
rather  than  to  the  absence  of  certain  beds. 

Wherever  the  correlation  of  the  coal  beds  in  the  Emery  field 
doubtful  a  question  mark  is  placed  after  the  letter  at  the  left  of  tl 
coal  bed.     (See  PI.  VII.) 

Columnar  section  A,  measured  in  the  NW.  i  SE.  i  sec.  34,  T.  21 
R.  7  E.,  shows  the  presence  of  only  one  coal  bed  (A,  coal  section  NcftANco 
9),  which  is  described  on  page  48. 
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Columnar  section  B,  measured  in  the  SW.  J  NW.  i  sec.  24,  T.  22  S., 
R  6  E.,  shows  four  coal  beds  (beds  C  ( ?),  G,  H,  and  I).  Beds  C  ( ?) 
and  I  are  unquestionably  of  commercial  value  at  this  place,  but  beds 
O  and  H  are  of  little  economic  importance.  Coal  beds  A  and  B  are 
not  exfKXsed  at  the  surface  at  this  locality. 

Columnar  section  C,  measured  in  the  NE.  i  sec.  26,  T.  22  S.,  B. 
6  E.,  shows  that  the  thickness  of  the  rocks  between  beds  C  ( ? )  and  G 
is  less  than  it  is  in  section  B,  but  the  distance  between  beds  G  and  I 
is  about  the  same  in  both  sections.  Bed  H  is  not  exposed  at  the  place 
where  section  C  was  measured.  Bed  A  (?)  contains  1  foot  of  coal 
and  lies  approximately  10  feet  below  bed  C  ( t),  which  contains  more 
coal  than  any  of  the  other  beds. 

Colunmar  section  D  in  a  stratigraphic  distance  of  150  feet  in- 
cludes coal  beds  A  (?),  C  (?),  G,  J  (?),  and  K.  This  section  was 
measured  in  the  SW.  i  SE.  J  sec.  85,  T.  22  S.,  R.  6  E.  Bed  C  (?)  is 
here  also  the  principal  bed. 

Columnar  section  E,  measured  in  the  NW.  i  SW.  i  sec.  %  T.  28  S., 
R.  6  E.,  includes  only  two  coal  beds.  Bed  I  was  measured  near  the 
old  Emery  mine,  at  location  181.  Bed  J,  at  location  204,  is  about  15 
feet  stratigraphically  above  bed  I  and  is  of  little  value. 

Columnar  section  F  was  measured  in  the  SE.  J  NW.  i  sec.  11,  T. 
28  S.,  R.  6  E.,  and  includes  coal  beds  C,  H,  I  (?),andL.  Bed  I  (?) 
lies  about  185  feet  above  bed  C,  and  bed  L  is  10  feet  above  bed  I  (  ?) • 
The  horizon  of  bed  H  is  represented  by  a  slight  indication  of  burn- 
ing at  the  outcrop.  Bed  C  is  the  principal  bed  in  this  locality.  (See 
coal  section  142,  PI.  VIII.) 

Columnar  section  G,  measured  in  the  NE.  J  SW.  i  sec.  8,  T.  28  S., 
R.  6  E.,  includes  coal  beds  C,  D,  and  G.  Bed  C  is  the  lowest  coal 
exposed  at  this  place.  Bed  D  lies  about  4  feet  stratigraphically 
above  bed  C,  and  bed  G,  which  is  of  little  value,  lies  about  85  feet 
above  bed  C. 

Columnar  section  H,  measured  in  the  N.  |  S.  |  sec.  8,  T.  28  S., 
R.  6  E.,  directly  across  a  narrow  valley  from  the  place  where  colum- 
nar section  G  was  measured,  shows  the  same  coal  beds  as  section  G 
and  in  addition  bed  F.  The  thickness  of  the  rocks  between  beds  D 
and  G  in  this  section  is  about  10  feet  greater  than  in  columnar  sec- 
tion G,  measured  across  the  valley.  The  stratigraphic  distance  be- 
tween beds  C  and  D  is  also  a  few  feet  greater  in  section  H  than  in 
section  G.  Columnar  sections  G  and  H  show  more  coal  in  their 
lower  parts  than  any  of  the  other  columnar  sections  measured. 

Columnar  section  I,  measured  in  the  NE.  J  SE.  J  sec.  4,  T.  28  S., 
R.  6  E.,  includes  coal  beds  A,  C,  F,  and  G  and  the  horizon  of  bed  I 
at  the  top.  Bed  D,  however,  may  be  represented  by  the  upper  bench 
of  coal  in  bed  C.    (See  coal  section  146,  PI.  VIII.)    The  horizon  of 
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coal  bed  I,  stratigraphically  about  85  feet  above  bed  6  (location 
176),  is  marked  by  a  band  of  baked  clay  and  slag. 

Coal  beds  A,  C,  F,  and  G  are  included  in  columnar  section  J, 
measured  in  the  SW.  i  SE.  i  sec.  88,  T.  22  S.,  R  6  E.  The  strati- 
graphic  distance  between  coal  beds  C  and  F  is  at  least  10  feet  greater 
in  this  section  than  in  columnar  section  I.  The  distance  between 
coal  beds  F  and  G  in  section  J  is  correspondingly  less  than  in  sec- 
tion I. 

Columnar  section  K,  measured  in  the  W.  i  sec.  16,  T.  28  S.,  R.  6 
E.,  shows  the  position  of  coal  beds  A,  C  ( ? ) ,  G,  and  I.  Bed  G  at  this 
place  contains  2  feet  of  unbumed  coal  and  much  baked  clay.  The 
stratigraphic  distance  between  coal  beds  A  and  C  (?)  is  about  35 
feet,  which  is  practically  the  same  as  the  distance  between  these  beds 
in  columnar  section  J,  but  the  distance  between  beds  C  ( ? )  and  G 
is  from  20  to  25  feet  greater  in  section  K  than  in  section  J.  Bed  I 
is  the  only  coal  shown  in  section  K  in  which  the  entire  coal  bed  was 
exposed.  Beds  A  and  C  (?)  are  represented  merely  by  bands  of 
ashes  and  baked  clay.  Bed  C  ( ? )  possibly  should  be  correlated  with 
bed  B  in  columnar  section  L. 

Seven  coal  beds  are  included  in  columnar  section  L,  measured  in 
sees.  T,  IT,  and  18,  T.  28  S.,  R.  6  E.  These  are  beds  A,  B,  C,  D,  I,  J, 
and  M.  This  section  shows  more  coal  beds  and  a  greater  total  thick- 
ness of  coal  than  columnar  section  K,  a  fact  which  is  due  in  part  to 
the  poor  exposures  at  the  place  where  section  K  was  measured.  It  is 
believed,  however,  that  as  many  coal  beds  exist  directly  north  of  Ivie 
Creek  at  the  location  of  section  K  as  there  are  at  the  location  where 
section  L  was  measured.  The  distances  between  bed  A  and  bed  I 
are  practically  the  same  in  sections  K  and  L. 

Colunmar  section  M  was  measured  in  the  NW.  J  SE.  J  sec.  17,  T. 
28  S.,  R.  6  E.,  and  includes  coal  beds  A,  B,  C,  H,  I,  and  J.  The  strati- 
graphic  distance  between  beds  A  and  B  is  much  less  at  this  place  than 
where  columnar  section  L  was  measured.  Coal  bed  C  is  represented 
by  a  bed  of  brown  carbonaceous  shale  with  a  little  coal  interbedded. 
Beds  H  and  I  contain  about  the  same  amount  of  coal  (a  little  more 
than  8  feet)  and  are  separated  by  about  18  feet  of  strata. 

Columnar  section  N  includes  five  coal  beds — beds  A,  B,  C,  I,  and 
J— and  was  measured  in  the  SW.  J  sec.  21,  T.  28  S.,  R.  6  E.  Coal 
beds  B  and  C  are  undoubtedly  the  same  as  those  designated  B  and  C 
in  columnar  section  M.  Beds  I  and  J  are  definitely  correlated  with 
beds  I  and  J  in  columnar  sections  L  and  M.  Coal  beds  D,  E,  F,  G, 
and  H  are  not  exposed  at  the  locality  where  columnar  section  N  was 
measured. 

Only  four  coal  beds,  A,  G,  I,  and  L,  are  included  in  columnar  sec- 
tion O,  which  was  measured  in  lot  9,  sec.  4,  T.  24  S.,  R.  6  E.  The 
others,  beds  B,  C,  D,  E,  F,  H,  J,  and  K,  are  not  exposed  and  are 
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believed  to  be  of  little  importance  at  this  locality.  Bed  A  is  the  most 
valuable  coal  bed  in  this  section,  and  is  stratigraphically  about  95 
feet  below  bed  G.  Bed  I,  which  is  second  in  value,  lies  about  120 
feet  above  bed  G,  or  about  55  feet  below  bed  L. 

Colunmar  section  P,  measured  in  the  N.  i  sec.  13,  T.  24  S.,  K.  5  E., 
includes  seven  coal  beds  (A,  G,  I,  J,  K,  L,  and  M).  Coal  beds  A  and 
M  are  the  most  valuable,  but  the  other  beds  are  of  no  economic  im- 
portance at  the  outcrop.  Beds  B,  C,  D,  E,  F,  and  H  are  not  ex- 
posed where  this  section  was  measured. 

Five  coal  beds  (A,  G,  I,  L,  and  M)  are  included  in  columnar 
section  Q,  which  was  measured  in  sees.  4,  5,  and  9,  T.  25  S.,  R.  5  E. 
Bed  A  is  about  440  feet  stratigraphically  below  bed  L,  and  bed  M 
about  20  feet  above  bed  L.  Beds  G  and  I  are  of  little  value.  The 
rocks  separating  the  coal  beds  consist  principally  of  sandstone  and 
sandy  shale.  Coal  bed  M  contains  the  greatest  thickness  of  coal,  as 
indicated  on  Plate  IX  by  coal.section  No.  403. 

Columnar  section  E,  measured  in  sees.  25  and  26,  T.  25  S.,  B.  4  E., 
shows  three  coal  beds  (A,  L,  and  M).  Beds  A  and  M  contain  a 
little  less  coal  here  than  at  the  location  of  columnar  section  Q,  but 
bed  L  contains  more  coal.  The  distance  between  coal  beds  A  and  L 
is  less  and  that  between  beds  L  and  M  greater  at  the  location  of 
columnar  section  R  than  at  the  location  of  section  Q. 

OCCTTKBENCE. 
COAL  IN  THE  FERBON  SANDSTONE  MEMBER  OF  THE  MANGOS  SHAIiE. 

T.  81  8.,  B.  7  S. 

Ten  coal  sections  were  measured  in  sees.  26, 27,  34,  and  35,  T.  21  S., 
B.  7  E.,  along  the  outcrop  of  one  coal  bed,  which  probably  should 
be  correlated  with  bed  B  in  the  townships  to  the  south.  Of  these 
10  coal  sections  Nos.  4,  5,  6,  7,  and  8  are  shown  graphically  in  Plate 
VTII.  The  coal,  as  shown  by  the  graphic  sections,  ranges  in  thick- 
ness from  1  foot  11  inches  to  2  feet  4  inches.  At  each  place  the  coal 
is  overlain  and  underlain  by  shale,  except  at  location  4,  where  it  is 
overlain  by  sandstone.  At  locations  1,  2,  3,  9,  and  10,  on  the  north 
margin  of  the  field,  this  coal  bed  is  thinner  than  it  is  to  the  south. 
The  sections  measured  at  these  locations  are  not  shown  graphically, 
but  are  as  follows : 

Sections  of  coal  bed  B  (f)  in  T,  21  fif.,  R.  7  E, 

[In  addition  to  those  shown  on  Plate  VIII.] 
No.  1.  8W.  i  SW.  I  sec  8C 


Ft.     In. 

Sandstone,  yeUowlsh  gray,  massive 35-40 

Shale,   carbonaceous,  sandy 8 

Goal,  very  Impure 11 

Sandstone,  brownish  gray,  argillaceous i+ 
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No.  2.  NB.  I  NW.  I  Mc  SS. 

Ft.  in. 

Sandstone,  brown,  carbonaceous 6  6 

Shale,  brown,  sandy 1 

Coal 1  3 

Shale,  carbonaceous,  sandy 6± 

No.  S.  SE.  I  NW.  1  Mc  SS. 

Sandstone,  carbonaceous,  grading  Into  brown  shale  at 

base 3+ 

Coal 8i 

Shale,  brown,  carbonaceous 1+ 

No.  9.  NW.  I  SE.  I  MC  S4. 


Shale,  brown  to  black,  carbonaceous 1    11 

Coal,  Impure 1 

Shale,   sandy,  carbonaceous,  includes  thin  streaks  of 

coal 4 

Sandstone,  brown,  very  carbonaceous 3      0 

Shale,  brown,  contains  a  few  thin  bands  of  coal 21 

Coal,  very  impure 4 

Shale  carbonaceous 6 

• 

No.  10.  NE.  i  SW.  I  MC  S4. 

Sandstone,  yellowish  gray,  thin-bedded,  carbonaceous  in 

lower  part 3      0 

Shale,  brown,  carbonaceous 10 

Coal 1      0 

Shale,  brown,  carbonaceous 1+ 

It  is  believed  that  the  southeastern  part  of  this  township  marks 
the  northern  extent  of  coal  in  the  Emery  coal  field.  No  coal  is  ex- 
posed in  the  Ferron  sandstone  farther  north  in  Castle  Valley  be- 
tween this  township  and  the  Denver  &  Bio  Grande  Railroad  at 
Moimds,  although  in  places  much  carbonaceous  shale  is  present, 
especially  east  of  Molen,  in  sees.  16  and  21,  T.  20  S.,  R.  8  E. 

T.  2S  8.,  B.  6  E. 

Seventy-two  sections  were  measured  on  the  coal  beds  in  T.  22  S., 
R.  6  E.  The  following  table  shows  the  number  of  sections  obtained 
on  each  bed,  and  columnar  sections  B,  C,  and  D  on  Plate  VII  show 
the  stratigraphic  distances  between  the  beds : 

Coal  beds  exposed  in  T.  22  fif.,  R.  6  E. 


Coal 
sections. 

L 82 

K 81 

J 78-80 

I 60-77 


Coal 
■ectloDs. 

H 51-59 

G 42-60 

F 37-41 

E 36 


Coal 
flections. 

D 35 

C 17-34 

A 11-16 
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Bed  A. — Coal  bed  A  ranges  in  thickness  from  1  foot  at  location  11 
to  4  feet  11  inches  at  location  16,  the  average  thickness  being  about 
1  foot  7  inches.  All  the  measurements  made  on  the  bed  are  shown 
graphically  on  Plate  ^^II,  except  Xo.  11,  which  is  as  follows: 

Section  of  coal  bed  A  at  location  11,  in  the  SE,  i  see.  26,  T.  22  *Sf.,  R.  6  E. 

Feet. 
Slmle,  brown,  car))onareous,  with  thin  lenses  of  coal  near  base.     10 

Coal,  bony,  dull 1 

Shale,  brown,  weathers  bluish 4 

The  shale  that  forms  the  roof  of  the  coal  in  this  section  is  the  floor 
of  bed  C  at  location  19.  The  five  graphic  sections  (PI.  VIII)  show 
similarities  in  thickness  of  coal  and  in  the  character  of  the  roof  and 
floor,  except  at  location  10,  where  the  coal  is  much  thicker  and  the 
roof  and  floor  are  sandstone.  As  in  places  the  correlations  are 
doubtful,  the  abrupt  change  in  thickness  of  bed  A  at  location  16 
suggests  a  possibility  that  this  section  should  be  correlated  with 

bed  C. 

Bed  C. — Bed  C  in  this  township  shows  considerable  variation  in 

thickness  and  character  along  its  outcrop  from  north  to  south,  its 
thickness  ranging  from  4  feet  at  location  25  to  about  13  feet  at  loca- 
tion 30.  At  location  17,  in  the  SE.  J  XE.  i  sec.  25,  the  bed  contains 
several  inches  more  coal  than  it  does  at  location  18,  where  it  is  about 
7J  feet  thick,  but  the  arrangement  of  the  partings  in  general  is  the 
same.  In  a  distance  of  less  than  a  quarter  of  a  mile  the  lower  2-foot 
bench  of  coal  at  location  17  becomes  entirely  worthless,  and  at  loca- 
tion 18  it  is  replaced  by  carbonaceous  shale.  Sections  at  locations 
19,  20,  and  21  each  contain  approximately  7  feet  of  coal,  but  the 
upper  3-inch  parting  at  location  19  is  not  present  at  locations  20 
j»nd  21.  At  location  22,  on  the  north  side  of  Grassv  Vallev,  in  the 
NE.  J  NE.  J  sec.  24,  the  bed  is  more  broken  than  it  is  at  locations 
20  and  21,  and  more  nearly  resembles  the  section  at  location  17 
than  any  of  the  other  sections  between  locations  17  and  22.  Bed  C 
at  locations  23,  24,  and  25  contains  less  coal  than  at  any  of  the  other 
locations  mentioned,  a  fact  which  seems  to  indicate  that  the  bed  tliins 
toward  the  south;  but  the  section  measured  at  location  26,  in  the 
SE.  i  SW.  i  sec.  13,  about  1^  miles  north  of  location  25,  shows  a 
great  thickness  of  coal  (7  feet  2  inches)  compared  with  the  section 
at  location  25.  The  character  of  the  roof  changes  toward  the  west 
and  north  from  location  25,  so  that  sandstone  rests  directly  on  the 
coal  to  a  point  beyond  location  32.  Sections  at  locations  26,  27,  and 
28  were  measured  along  the  outcrop  from  north  to  south  and  show 
that  the  bed  is  thinner  on  the  west  side  as  well  as  on  the  east  side 
of  Muddy  Creek,  toward  the  south.  (See  PI.  VIII.)  This  apparent 
decrease  in  the  thickness  ends  abruptly,  for  at  location  29,  the  old 

21246"— Bull.  628—16 4 
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Casper  mine,  in  the  SE.  i  XW.  J  sec.  26,  bed  C  contains  8  feet  5 
inches  of  coal  in  two  benches.  In  mining  the  coal  from  the  Casper 
mine  only  the  lower  bench  is  removed.  A  sample  for  analysis  (lab- 
oratory No.  12652,  p.  80)  was  taken  from  this  mine.  (See  PI.  XI,  5, 
p.  84.)  At  location  30,  about  a  quarter  of  a  mile  south  of  the  Casper 
mine,  bed  C  contains  11  feet  3  inches  of  coal,  or  2  feet  10  inches 
more  than  at  location  29.  The  bed  at  location  30  is  much  broken  by 
partings,  but  only  two  of  them  would  be  of  special  disadvantage  in 
mining.  At  the  next  point  at  which  the  bed  was  measured  (location 
31)  only  5  feet  of  coal  in  two  benches  is  present.  Both  benches 
can  be  mined  easily  by  using  the  1-foot  shale  parting  (see  PL 
VIII)  as  a  "mining  seam."  At  location  32  the  total  thickness  of 
the  bed  is  about  the  same  as  at  location  31,  but  more  coal  is  present 
at  location  32  because  of  the  decrease  in  the  thickness  of  the  partings. 
At  location  33  the  bed  is  much  broken,  and  probably  only  the  lower 
portion  will  be  mined.  Westward  from  location  33  to  location  34, 
a  distance  of  about  2  miles,  the  coal  bed  continues  fairly  constant  in 
thickness. 

A  careful  study  of  the  graphic  sections  of  bed  C  (PI.  VIII)  shows 
the  coal  to  be  badly  split  by  partings  and  irregular  in  thickness.  It  is 
believed,  however,  that  bed  C  is  more  constant  in  thickness  than  some 
of  the  beds  farther  south,  which  in  places  contain  more  coal  than  is 
exposed  at  any  point  on  bed  C  in  this  township.  For  these  reasons 
bed  C  probably  holds  out  greater  inducements  for  future  develop- 
ment than  some  of  the  beds  farther  south  which  are  apparently 

thicker. 

Bed  D. — Coal  bed  D  was  measured  at  only  one  place,  location  35, 
in  the  SE.  \  NE.  \  sec.  26,  where  it  is  represented  by  5  inches  of  coal 
overlain  by  sandstone  and  underlain  by  brown  carbonaceous  shale. 

Bed  E. — Location  36  marks  the  position  of  bed  E  and  is  the  only 
place  in  the  township  where  this  coal  was  measured.  Bed  E  con- 
tains 9  inches  of  coal,  overlain  and  underlain  by  yellowish-gray  mas- 
sive sandstone  and  is  24  feet  6  inches  stratigraphically  above  bed  D. 

Bed  F. — Five  sections  of  bed  F  were  measured  in  this  township, 
but  the  coal  is  of  little  value  at  every  place.  It  is  thickest  at  loca- 
tion 37,  in  sec.  26,  where  it  contains  1  foot  2  inches  of  coal  overlain 
by  sandstone  and  imderlain  by  shale,  and  thinnest  at  location  38, 
where  thin  lamina?  of  coal  interbedded  with  drab  shale  are  exposed. 
Five  inches  of  coal,  overlain  and  underlain  by  brown  carbonaceous 
shale,  is  exposed  at  the  horizon  of  bed  F  at  location  39,  in  the  SE.  J 
NW.  i  sec.  26.  About  ir>0  feet  north  of  this  place  the  bed  is  entirely 
replaced  by  massive  sandstone,  whereas  at  location  40  bed  F  contains 
G  inches  of  coal  overkin  and  underlain  by  brown  shale.  At  location 
41  the  bed  contains  10  inches  of  fairly  good  coal  overlain  and  under- 
lain bv  brown  carbonaceous  shale. 
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Bed  G, — ^Nine  sections  on  bed  G  were  measured  in  this  township. 
It  ranges  in  thickness  from  11  inches  at  location  47  to  4  feet  4  inches 
at  location  50.  Five  of  the  sections  (Nos.  43,  45,  46,  49,  and  50)  are 
shown  graphically  in  Plate  VIII.    The  others  are  as  follows: 

Sections  of  coal  bed  O  in  T.  Zi  *S\,  U,  6  E. 
[In  addition  to  those  shown  on  Plate  VIII.] 

N«.  42.  SW.  1  NW.  1  Mc  24. 

Ft.      In. 
Sandstone   and   shale,   brown,    cniiHmaceous ;   contains   a 

few  thin  laminae  of  coal  near  base 2      0 

Coal,  fair,  weathered 1      3 

Shale,  brown,  carbonaceous 6 

No.  44.    SE.  1  NE.  1  mc  2€. 

Shale,  brown,  sandy,  carbonaceous 7 

Coal,  fair ;  contains  a  few  thin  laminse  of  shale 5 

Shale,  brown,  carbonaceou-s,  sandy,  with  a  few  thin  lenses 

of  coal 2      0 

Coal,  weathered 11 

Shale,  broAvn,  carbonaceous 6+ 

No.  47.  SE.  1  SW.  I  MC  S5. 

Shale,  sandy,  with  thin  lens(*s  of  coal 6 

Coal,  dull,  with  a  little  carbonaceous  shale 7 

Coal,    fair 4 

Shale,  brown,  carbonaceous l-h 

Coal  bed 11 

The  correlation  of  all  these  sections  with  bed  G  is  rather  indefinite 
because  of  the  lenticular  character  of  the  thinner  coal  beds  in  this 
part  of  the  field.  At  location  44  bed  G  is  broken  by  a  2-foot  shale 
parting  which  renders  the  bed  practically  worthless  for  mining,  but 
at  location  45  the  bed  is  more  valuable,  as  shown  by  the  section  in 
Plate  VIII.  At  location  48  it  contains  1  foot  9J  inches  of  poor  coal. 
Bed  G  at  the  last  place  measured  (location  50,  in  sec.  33)  is  thicker 
(see  PI.  VIII)  than  at  any  other  point  examined  in  the  township,  the 
principal  bench  being  3  feet  9  inches  thick,  with  a  minor  bench  above. 

Bed  n, — ^The  coal  in  bed  H  was  measured  at  nine  places  in  this 
township — at  locations  51  to  59 — ^but  only  three  of  the  coal  sections 
(Nos.  53,  55,  and  59)  are  shown  graphically  in  Plate  VIII.  The 
others  are  described  below.  The  maximum  thickness  is  3  feet  at 
location  53.  At  location  51,  in  sec.  13,  there  is  only  6  inches  of  coal 
overlain  and  underlain  by  sandstone,  and  at  location  52  the  bed  con- 
tains  7^  inches  of  coal  overlain  and  underlain  by  brown  carbona- 
ceous shale.    The  bed  at  location  53,  in  the  NE.  i  sec.  26,  contains 
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approximately  3  feet  of  weathered  coal  overlain  and  underlain  by 
sandstone,  but  this  measurement  may  be  incomplete.  At  location  54, 
in  the  E.  ^  sec.  26,  1  foot  1  inch  of  coal,  overlain  by  yellowish-gray 
sandstone  and  underlain  by  brown  carbonaceous  shale,  is  exposed 
on  bed  H,  but  at  location  55,  a  short  distance  to  the  south,  the  bed 
is  a  little  thicker,  containing  1  foot  4  inches  of  coal,  overlain  and 
underlain  by  shale.  The  coal  bed  at  location  56,  in  sec.  35,  is  as 
follows : 

Section  of  coal  bed  H  at  location  56,  in  the  SE.  i  NE,  i  sec,  55,  T.  22  iSf.,  R,  6  E. 

Ft.    In. 

Shale,  brown,  carbonaceous 1 

Coal,  much  weathered,  bony  at  top 9 

Shale,  brown,  carbonaceous 3 

Coal,  impure,  slightly  shaly 4 

Shale,  dark,  weathers  gray 4 

Coal,  weatheretl,  stained  yellow  in  places 11 

Bone,  containing  thin  lenses  of  coal 2      0 

Coul   bed 2      7 

Total  coal 2      0 

The  coal  at  this  place  is  of  little  economic  importance,  owing  to 
the  partings.  At  location  57,  in  sec.  35,  1  foot  2  inches  of  coal, 
overlaiti  and  underlain  by  brown  carbonaceous  shale,  is  exposed  on 
bed  H,  and  at  location  58,  in  the  same  section,  1  foot  2  inches  of 
coal  is  exposed,  the  upper  part  of  which  is  slightly  shaly.  The  floor 
and  roof  of  the  bed  are  brown  carbonaceous  shale.  At  location  59, 
ill  sec.  34,  bed  H  contains  1  foot  8  inches  of  good  coal,*  overlain  and 
underlain  by  brown  carbonaceous  shale.  Owing  to  the  lenticular 
character  of  the  coal  at  this  horizon,  exact  correlations  are  rather 
difficult  to  make,  but  it  is  believed  that  the  above-described  sections 
are  all  on  coal  bed  H. 

Bed  I, — Coal  bed  I  was  measured  in  this  township  at  18  locations, 
designated  by  Nos.  60  to  77,  which  are  arranged  in  order  from 
north  to  south  along  the  outcrop.  All  the  sections  are  shown  graph- 
ically in  Plate  VIII,  except  Xo.  77,  which  is  described  below.  The 
bed  ranges  in  thickness  from  1  foot  at  location  77  to  20  feet  at  loca- 
tion 75.  The  Moore  mine,  at  location  60,  in  sec.  13,  is  the  eastern- 
most point  at  which  bed  I  is  exposed.  About  a  quarter  of  a  mile 
northwest  of  location  60  bed  I  was  measured  at  two  points  in  what 
is  known  as  the  Williams  mine.  (See  PL  XI,  A^  p.  84.)  Coal  sec- 
tion 61  gives  the  thickness  of  the  coal  at  the  mouth  of  the  entry, 
and  section  62  shows  its  thickness  at  the  back  end  of  the  entry,  about 
1^00  feet  S.  60°  E.  from  location  61.  The  variation  of  the  bed  within 
a  short  distance  is  very  striking,  as  is  well  illustrated  by  the  graphic 
sections  (Nos.  61  and  62,  PI.  VIII).     Near  the  mouth  of  the  mine 
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the  joints  of  the  coal  are  filled  witk  films  of  gypsum  and  sulphur. 
A  sample  was  collected  at  location  62,  and  the  analysis  (laboratory 
No.  12613)  is  given  in  the  table  on  page  80.  Sections  63,  64,  and  65, 
all  measured  less  than  a  mile  south  of  the  Williams  mine,  suggest 
that  bed  I  increases  in  thickness  toward  the  south.  At  location  66,  in 
sec.  13,  only  4  feet  9  inches  of  coal  is  exposed,  which  is  3  feet  less 
than  the  bed  contains  at  location  65,  a  quarter  of  a  mile  to  the  north. 
Coal  sections  67  and  68  show  an  apparent  increase  in  thickness 
toward  the  south.  Bed  I  rapidly  deteriorates  in  value  from  loca- 
tion 69  toward  location  71,  on  account  of  an  increase  in  the  thickness 
and  number  of  partings  and  a  decrease  in  the  tliickness  of  the  coal. 
At  location  72  it  is  of  more  value  than  at  location  71,  containing  3 
feet  of  coal  in  one  bench,  overlain  by  shale  and  underlain  by  clay. 
The  coal  section  at  location  73,  which  is  probably  on  bed  I,  seems  to 
indicate  that  the  bed  is  of  little  commercial  importance  toward  the 
south,  but  at  location  74,  a  short  distance  south  of  location  73,  the 
bed  has  about  ihe  same  thickness  as  at  locations  66  and  67.  It  main- 
tains  this  thickness  for  some  distance  along  the  outcrop,  but  at  loca- 
tion 75,  in  sec.  33,  at  the  Browning  mine,  it  contains  approximately 
20  feet  of  coal,  overlain  and  underlain  by  brown  shale.  This  is 
the  greatest  thickness  observed  for  any  one  bed  in  the  Emery  field. 
A  sample  for  analysis  (laboratory  No.  12627,  p.  80)  was  collected 
from  the  lower  12  feet  of  coal,  which  is  the  only  part  of  the  bed  mined 
at  this  place.  Bed  I  was  measured  at  location  76,  in  sec.  33,  but  con- 
tains very  much  less  coal  here  than  at  the  Browning  mine.  It  is 
only  a  little  over  3  feet  thick  at  location  76,  as  indicated  in 
Plate  VIII.  Possibly  the  section  measured  at  location  76  may  repre- 
sent a  coal  bed  either  slightly  above  or  below  bed  I,  as  there  has  been 
considerable  burning  between  locations  75  and  76.  At  location  77, 
in  sec.  34,  bed  I  is  probably  represented  by  only  1  foot  of  coal,  over- 
lain by  clay  of  varying  colors  and  underlain  by  grayish-brown  sand- 
stone. It  is  quite  probable  that  the  variegated  claylike  material 
overlying  the  coal  is  in  large  part  ash,  and  the  total  thickness  under 
cover  may  compare  very  favorably  with  that  measured  at  the  Brown- 
ing mine  (location  75).  About  a  third  of  a  mile  northeast  of  the 
Browning  mine,  in  sec.  33,  there  is  an  old  entry  on  bed  I  which  was 
partly  filled  with  water  at  the  time  of  the  field  examination.  The 
coal  was  not  measured  at  this  place,  but  it  is  believed  to  be  approxi- 
mately as  thick  here  as  at  the  Browning  mine. 

Bed  J. — Bed  J  was  measured  at  only  three  locations  (Nos.  78,  70. 
and  80)  in  this  township.  At  location  78  it  contains  2  feet  3  inches 
of  coal  in  two  benches,  separated  by  1  foot  2  inches  of  brown  sluile, 
beginning  10  inches  below  the  top  of  the  bed,  as  shown  in  Plate  VIII. 
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The  roof  and  floor  of  the  bed  are  shale.    At  location  79,  in  sec.  33,  the 
following  section  was  measured : 

Section  of  coal  bed  J  at  location  79,  in  the  XE.  i  SE.  i  sec,  33,  T,  22  S.,  R.  6  E, 

Ft.  in. 

Sandstone,  argillaceous 5 

Coal,  slightly  shaly 5 

Shale,  brown 1  4 

Coal SJ 

Shale,  brown  and  gray 10 

Coal  be<l 2        i 

Total  coal 8J 

At  location  80,  in  sec.  33,  1  foot  3  inches  of  coal  is  exposed  on  bed 
J,  which  is  overlain  by  sandstone  and  underlain  by  clay.  At  this 
place  bed  J  is  8  feet  stratigraphically  above  bed  I. 

Bed  K. — ^Bed  K  is  believed  to  be  represented  in  this  township  by 
only  one  measurement,  in  sec.  35,  where  8  inches  of  coal  is  exposed  at 
this  horizon. 

Bed  L. — Bed  L  was  measured  at  only  one  place  in  this  township, 
where  the  section  is  as  follows: 

Section  of  coal  bed  L  at  location  8Z,  in  the  SW.  i  yw\  \  sec.  SS,  T,  22  S.,  II.  6  E, 

Ft.  in. 

Sandstone,  yellow  and  brown 10  0 

Coal,  with  thin  lenses  of  shale 4 

Shale 4 

Coal 1  0 

Shale,  gray  and  brown 4  0 

Coal  bed 1      8 

Total  coal 1       4 

In  many  places  in  this  township  correlation  of  the  coal  sections  is 
very  definite,  but  in  others  it  is  rather  doubtful,  owing  to  the  facts 
tliat  some  of  the  beds  are  thin  and  lenticular  and  that  "burning'' 
and  talus  cover  have  obscured  the  outcrops.  It  is  believed  that  the 
correlations  given  above  are  as  nearly  correct  as  it  is  possible  to 
make  without  drilling. 

T.  88  S.,  R.  7  E. 

In  T.  22  S.,  R.  7  E.,  34  sections  were  measured — Nos.  84  to  97  on 
coal  bed  C,  98  to  109  on  bed  F,  and  110  to  117  on  bed  I. 

Bed  ('. — Bed  C  ranges  in  thickness  from  5  inches  at  location  89 
to  8  feet  T)  inches  at  location  87.  Seven  of  the  measurements  made  on 
bed  C^  (Nos.  85,  SO,  ST.  88,  90,  91,  and  92)  are  shown  graphically  on 
Plate  VIII.     The  others  are  given  in  detail  below: 
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Rection  of  coal  bed  C  at  location  8h  in  the  XE.  \  »\y.  i  sec,  30,  T,  22  S.y  R.  7  E. 

Ft.      In. 

Sandstone,  massive;  weathers  gray 10+ 

Coal 4 

Sandstone 2^ 

Coal 1      0 

Sandstone 4 

Coal  bed 1      6i 

Total  coal 1       4 

The  coal  at  locations  85  and  86  is  between  o  and  T  feet  thick,  but  at 
location  87  the  bed  shows  a  marked  increase  in  the  amount  of  coal 
and  also  in  the  number  of  thin  shale  partings.  At  location  88,  in 
lot  1,  sec.  19,  a  short  distance  west  of  location  87,  the  total  thickness 
of  the  coal  bed  is  practically  the  same  as  at  location  87,  but  the  char- 
acter and  arrangement  of  the  benches  are  entirely  different,  as  indi- 
cated on  Plate  VIII. 

Coal  sections  at  locations  89  to  97,  inclusive,  in  the  northeastern 
part  of  the  township,  are  correlated  with  bed  C,  because  they  seem 
to  be  at  the  same  horizon  as  bed  C  elsewhere.  At  location  89  the 
bed  contains  only  5  inches  of  coal,  overlain  by  sandstone  and  under- 
lain by  shale,  but  at  locations  90,  91,  and  92  the  thickness  ranges 
from  1  foot  8  inches  to  2  feet  2  inches,  being  greatest  at  location  91. 
(See  PI.  VIII.)  At  location  93,  in  sec.  10,  1  foot  1  inch  of  coal  is 
exposed  on  bed  C,  but  at  location  94,  in  the  same  section,  only  7 
inches  of  weathered  coal  is  exposed.  Sandstone  overlies  and  shale 
underlies  the  bed  at  locations  93  and  94.  At  location  95  the  following 
section  was  measured : 

Section  of  coal  bed  at  C  at  location  95,  in  the  KE.  1  XE,  i  sec,  JO,  T.  22  iS?.,  R.  7  E, 

Sandstone,  gray.  .                                                                            inches. 
Coal 3 

Shale,  black  carbonaceous 1 

Coal,  slightly  bony 7 

Shale,  black  carbonaceous 10 

Coal  bed 11 

Total  coal 10 

At  location  96,  in  sec.  10,  1  foot  3  inches  of  coal  was  measured, 
and  at  location  97,  in  sec.  3,  the  bed  is  only  11  inches  thick.  The  bed 
at  each  location  is  overlain  by  sandstone  and  underlain  by  shale. 

Bed  F, — In  the  southwestern  part  of  this  township  bed  F  was 
measured  at  12  places,  which  are  indicated  on  the  map  (PI.  X)  and 
on  the  plate  of  coal  sections  (PI.  VIII)  by  Xos.  98  to  109,  inclusive. 
The  character  of  the  floor  and  roof  and  the  thickness  and  character 
of  the  bed  in  this  township  are  well  shown  in  the  graphic  sections. 
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Bed  F  in  this  region  is  reasonably  constant  in  thickness,  ranging  from 
1  foot  9  inches  at  location  105  to  4  feet  10  inches  at  location  109,  and 
is  only  locally  split  by  partings.  At  location  103  the  coal  occurs  in 
two  benches,  the  lower  of  which  probably  is  the  same  as  the  lower 
bench  at  location  104  and  is  of  no  economic  importance.  The  upper 
bench  contains  2  feet  3  inches  of  coal. 

Bed  /. — The  identification  of  bed  I  in  this  township  is  uncertain, 
although  coal  sections  measured  at  locations  110  to  117,  in  sees.  7  and 
18,  are  tentatively  correlated  with  bed  I  for  the  reason  that  they 
occur  at  about  the  same  stratigraphic  position  as  bed  I  elsewhere 
throughout  the  field.  In  this  township  the  bed  varies  in  thickness 
from  10  inches  at  location  115  to  1  foot  7  inches  at  location  112.  At 
the  Cox  prospect,  location  110,  it  contains  1  foot  4  inches  of  coal, 
overlain  by  sandstone  and  underlain  by  shale.  Bed  I  in  this  locality 
is  definitely  known  to  be  lenticular  because  it  is  entirely  replaced  by 
massive  yellowish-gray  sandstone  a  short  distance  east  of  this  pros- 
pect. Eleven  inches  of  coal,  overlain  and  underlain  by  brown  car- 
bonaceous shale,  is  exposed  at  location  111.  The  coal  bed  at  location 
112  is  shown  graphically  on  Plate  VIII.  In  the  NE.  i  SE.  i 
sec.  7,  at  location  113,  1  foot  1  inch  of  coal  with  shale  floor  and  roof 
is  exposed.  At  location  115, 10  inches  of  coal  is  exposed,  and  at  loca- 
tion 116,  in  sec.  18,  1  foot  1  inch  of  coal,  overlain  by  sandstone  and 
underlain  by  shale,  is  exposed  on  the  south  side  of  a  road  leading 
east  from  Emery.  Bed  I  contains  about  1  foot  of  coal  at  location 
117,  in  sec.  18,  where  sandstone  underlies  and  shale  overlies  the  coal. 

T.  88  B.,  A.  6  E. 


Thirteen  coal  beds  are  exposed  in  T.  23  S.,  R.  6  E.,  and  120  meas- 
urements of  the  thickness  of  the  coal  in  the  different  beds  were  made. 
The  following  table  shows  the  number  of  sections  obtained  on  each 

bed: 

Coal  beds  exposed  in  T.  23  S.,  R.  6  E. 


Coal 
sections. 

M 233-237 

L... 219-232 

K- 21G-218 

J 204-215 

I 180-203 

H 1G9, 177-179 

G 170-176 


Coal 
Bections. 

F 153-159,  162-168 

E 152 

D 148, 150. 151 

C 133-138, 140-148, 160, 161 

K 132, 139, 149 

A llS-131 


The  usual  order  of  the  description  of  coal  in  each  township,  namely, 
by  beds  from  the  north  side  of  the  township  along  the  outcrop  to  the 
south  side,  is  varied  for  this  township,  the  beds  south  of  Ivie  Creek, 
except  bed  I,  being  described  before  those  north  of  that  stream. 
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Bed  A. — ^The  thickness  of  bed  A  was  measured  at  14  places  in 
this  township,  designated  on  the  map  (PL  X)  by  Nos.  118  to  131. 
All  these  sections  except  Xos.  119  and  127  are  shown  graphically  on 
Plate  VIII.  The  bed  ranges  in  thickness  from  1  foot  11  inches  at 
location  124  to  10  feet  1  inch  at  location  118.  The  overlying  sand- 
stone at  locations  118  and  120  forms  an  e^ellent  roof.  At  location 
119,  in  sec.  16,  no  coal  is  exposed  on  l)ed  A,  but  its  horizon  could  be 
definitely  traced  by  a  streak  of  brown  sliale  and  sandy  clay  at  a 
distance  of  15  feet  above  the  lowermost  massive  sandstone  scarp.  At 
location  121,  in  sec.  17,  coal  is  exposed  on  what  is  believed  to  be  bed 
A,  but  the  bed  is  very  much  broken  at  this  place  and  closely  re- 
sembles, in  the  numl)er  of  partings,  the  coal  bed  at  location  118.  The 
roof  is  brown  carbonaceous  shale  grading  upward  into  sandy  shale 
and  that  into  sandstone.  At  location  122,  in  sec.  17,  the  bed  con- 
tains 6  feet  8  inches  of  coal  in  thi-ee  benches.  At  location  124,  in  sec. 
20,  it  contains  only  1  foot  4  inches  of  coal  in  two  benches,  separated 
by  7  inches  of  carbonaceous  shale.  The  correlation  of  coal  section 
124  with  others  here  referred  to  bed  A  is  doubtful  on  account  of  the 
greatly  reduced,  thickness  of  the  coal,  but  its  stratigraphic  distance 
above  the  lower  sandstone  scarp  indicates  that  it  is  at  the  horizon  of 
bed  A,  as  heretofore  stated.  At  location  127,  in  the  XE.  \  XW.  i 
sec.  21,  bed  A  consists  mainly  of  carbonaceous  shale  interbedded 
with  some  coal.  The  bed  is  about  8  feet  thick,  of  which  about  2J 
feet  is  coal  in  several  thin  lavers. 

Bed  B, — ^The  coal  that  is  assigned  to  bed  B  was  measured  in  this 
township  at  only  three  places,  locations  132  and  149,  in  sec.  17,  and 
139,  in  sec.  21.  At  location  132  the  bed  contains  1  foot  8  inches  of 
coal,  overlain  by  shale  and  underlain  by  sandstone,  and  at  location 
139  it  contains  1  foot  9  inches  of  coal  in  two  benches,  separated  by  a 
1-inch  shale  parting  5  inches  below  the  top  of  the  bed.  At  location 
149,  in  the  NW.  \  SE.  \  sec.  17,  the  bed  is  represented  by  only  9 
inches  of  coal,  overlain  by  carbonaceous  shale  and  underlain  by 
yellowish-gray  bone. 

Bed  C, — Bed  C  was  measured  at  17  places  in  this  township,  indi- 
cated on  the  map  (PL  X)  by  Nos.  133  to  138, 140  to  148,  100,  and  161. 
All  the  sections  are  shown  graphically  on  Plate  VIII,  except 
No.  147.  If  the  suggested  correlation  is  correct,  bed  C  in  sec.  20 
is  probably  lenticular  and  of  little  value.  At  location  134  a  lens  of 
coal  of  undetermined  extent  is  of  workable  thickness,  but  at  location 
130  the  coal  is  impure  and  of  no  immediate  importance.  Between 
locations  137  and  140,  in  sees.  21  and  28,  the  sections  measured  at 
the  outcrop  indicate  that  the  bed  is  comparatively  free  from  part- 
ings and  constant  in  thickness,  ranging  from  1  foot  10  inches  to 
2  feet  6  inches  or  more  except  at  locations  160  and  161,  where  an 
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unusual  amount  of  coal  is  present.  The  upper  1  foot  3  inch  bench  at 
location  161  possibly  corresi^onds  to  the  bed  as  represented  by  coal 
sections  137,  138,  and  140.  At  location  141.  on  an  outlier  in  sec.  34, 
bed  C  contains  6  feet  of  coal  in  two  benches,  which  is  more  than 
double  the  thickness  of  coal  at  any  location  (m  this  bed  in  this  town- 
ship previously  described:  except  134. 

In  the  northern  part  of  the  township  bed  C  contains  generally 
more  coal  than  is  exposed  in  the  southern  part.  Between  locations 
142,  in  sec.  11,  and  145,  in  sec.  3,  the  bed  ranges  from  about  6  to 
9^  feet,  including  partings  which,  though  usually  thin,  separate 
the  bed  into  two  or  more  benches.  These  partings  will  probably 
give  no  serious  trouble  in  mining.  If  locations  145  and  146  are  at 
the  same  horizon,  bed  C  increases  in  thickness  very  rapidly  west* 
ward  from  location  145.  The  section  at  location  146,  about  a  quar- 
ter of  a  mile  distant,  shows  more  than  double  the  amount  of  coal 
exposed  at  location  145.  Bed  C  in  sees.  16  and  17  is  extremely  len- 
ticular in  its  occurrence  according  to  sections  measured  at  locations 
147  and  148.  At  location  147  no  coal  is  exposed  at  the  horizon  of 
this  bed,  but  only  a  carbonaceous  shale  band,  whereas  at  location  148, 
a  mile  to  the  west,  13  feet  4  inches  of  coal  in  three  benches  is  ex- 
posed on  bed  C.     (See  PL  VIII.) 

Bed  I). — Bed  D  was  measured  at  locations  148,  150,  and  151,  in 
sec.  3.  At  location  150  the  bed  contains  12  feet  6  inches  of  coal  in 
six  benches,  and  at  location  151  it  contains  only  11  feet  1  inch  in  five 
benches.  The  arrangement  of  the  benches  and  partings  between 
them  is  shown  graphically  on  Plate  VIII.  Only  1  foot  6  inches  of 
coal  is  contained  in  bed  D  at  location  148. 

Bid.  E. — Location  152,  in  sec.  3,  is  the  only  place  at  which  bed  E 
was  measured  in  this  township.  It  contains  only  lOJ  inches  of  coal 
overlain  and  underlain  by  shale. 

Bed  F. — Bed  F  was  measured  at  14  places  in  this  township,  shown 
on  the  map  (PL  X)  by  Xos.  153  to  159  and  1G2  to  1G8.  Plate  VIII 
gives  the  coal  sections  measured  at  these  locations,  except  Xos.  153, 
155,  and  168.  This  coal  is  of  little  value  along  the  outcrop  through 
the  western  part  of  sec.  20  and  through  sec.  29,  as  may  be  inferred 
from  the  following  coal  sections:  At  location  153,  in  sec.  20,  1  foot  1 
inch  of  coal  on  bed  F  contains  several  thin  bands  of  shale;  at  loca- 
tion 154,  near  the  center  of  sec.  29,  the  bed  contains  1  foot  10  inches 
of  coal  (see  PL  VIII) ;  and  at  location  155,  near  the  north  line  of 
sec.  29,  it  contains  only  8  inches  of  coal  with  a  floor  and  roof  of 
brown  shale.  Bed  F  along  its  outcrop  through  the  eastern  part  of 
sec.  20,  through  sec.  21,  and  a  small  portion  of  sec.  28,  at  locations  156 
to  159.  contains  a  much  greater  thickness  of  coal  (from  8J  to  9^  feet) 
than  is  exposed  at  any  other  places  examined  in  this  township.  (See 
PL   VIII.)     The  total  thickness  of  coal  south  of  location  162  is 
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greatly  reduced  by  the  splitting  of  the  bed  into  two  benches,  the 
lower  of  which,  according  to  the  exposures,  is  of  very  little  economic 
importance. 

The  exposures  in  sees.  3  and  4  suggest  that  bed  F  is  very  lenticular. 
At  location  167,  2  feet  10  inches  of  coal  is  exposed  in  one  bench, 
whereas  at  location  168,  a  few  hundred  feet  to  the  west,  only  6  inches 
of  coal  is  exposed.  The  bed  is  overlain  by  shale  and  underlain  by 
sandstone. 

Bed  G. — ^Bed  G  was  examined  at  seven  exposures  in  this  township. 
The  locations  are  shown  on  the  map  (PI.  X)  and  the  sections  are 
shown  gi'aphically  on  Plate  VIII  by  Nos.  170  to  176. 

At  locations  170  and  171,  near  the  line  between  sees.  29  and  82, 
bed  G  contains  about  1^  feet  of  coal,  but  at  location  172,  near  the 
center  of  sec.  29,  it  contains  only  7  inches  of  coal,  overlain  and  under- 
lain by  carbonaceous  shale.  At  location  173,  near  the  north  line  of  sec. 
29,  bed  G  contains  2  feet  1  inch  of  coal  in  two  benches.  As  may  be 
inferred  from  the  coal  sections  above  given,  bed  G  in  sees.  29  and  32 
is  of  little  value,  being  very  lenticular.  No  exposures  were  seen  on 
the  bed  between  locations  174  in  sec.  3  and  173  in  sec.  29,  probably 
owing  to  poor  exposures  along  the  outcrop  between  those  places. 
At  locations  174  to  176,  inclusive,  in  sees.  3  and  4  (see  PI.  VIII), 
this  bed  is  more  constant  in  thickness  and  more  persistent  in  occur- 
rence than  it  is  farther  south. 

Bed  H. — Tlie  coal  in  bed  H  in  this  township  was  measured  at  loca- 
tions 169,  177,  178,  and  179,  sees.  17,  20,  and  29.  The  coal  sections 
are  shown/  graphically  on  Plate  VIII.  According  to  these  sections, 
the  bed  shows  a  slight  tendency  to  increase  in  thickness  toward  the 
south.  It  ranges  from  1  foot  4  inches  at  location  177  to  3  feet  3 
inches  at  location  169.  No  other  exposures  at  this  horizon  were  found, 
so  that  little  is  known  of  the  occurrence  of  the  bed  in  this  township. 

Bed  /. — Bed  I  in  this  township  was  measured  at  24  places,  which 
are  represented  on  the  map  (PL  X)  by  Nos.  180  to  203.  As  may  be 
inferred  by  a  careful  study  of  the  graphic  sections  (PI.  VIII),  bed 
I  is  very  lenticular  and  exhibits  very  abrupt  changes  in  thickness 
even  between  near-by  sections.  The  range  in  thickness  is  from  1 
foot  3  inches  at  location  180  to  14  feet  11  inches  at  location  198.  At 
location  180,  in  sec.  3,  the  coal  is  overlain  by  gray  clay  shale  and 
underlain  by  brown  shale  which  contains  streaks  of  coal.  At  loca- 
tion 181,  in  sec.  2,  5  feet  5  inches  of  coal,  overlain  and  underlain  by 
carbonaceous  shale,  is  exposed  on  bed  I.  This  section  was  measured 
near  the  Emery  mine  (abandoned) ,  which  at  the  time  of  the  examina- 
tion was  closed  by  caving.  A  sample  for  analysis  (laboratory  No. 
2386)  was  collected  at  the  Emery  mine  by  J.  A.  TaflF.^ 


iTaff,  J.  A.,  Book  Cliffs  coal  fl^ld,  Utah,  west  of  Green  River:  T'.  S.  Geol.  Survey  Bull. 
285.  p.  294,  1906. 
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The  measurements  in  this  southern  half  of  sees.  2  and  3  at  locations 
181,  182,  186,  and  187  and  in  sec.  8  at  location  188,  all  of  which  are 
believed  to  be  on  bed  I,  suggest  a  nearly  east-west  zone  where  the 
coal  is  at  least  twice  as  thick  as  it  is  on  either  the  north  or  the  south. 
South  of  sees.  3,  4,  and  8,  according  to  coal  sections  that  are  supposed 
to  be  on  bed  I,  the  coal  is  much  thinner  (at  locations  183,  184,  185, 
and  189)  as  far  south  as  the  south  line  of  sees.  16  and  17.  Southward 
from  this  line,  however,  a  thin  lens  of  coal  on  bed  I  is  separated  from 
a  comparatively  thick  one  (see  Pis.  VIII  and  X)  by  Dog  Creek,  a 
southern  tributary  of  Ivie  Creek,  flowing  through  sees.  31, 32, 29, 21, 20, 
and  10.  In  making  the  above  tentative  suggestion  it  is  assumed  that 
the  correlation  shown  on  Plate  VIII  is  correct,  but  this  is  questionable 
at  several  locations,  owing  mainly  to  the  abrupt  changes  in  the  thick- 
ness of  the  coal  and  to  poor  exposures  between  places  examined. 
The  correlation  of  the  sections  referred  to  bed  I  is  based  on  the  rela- 
tion of  the  outcrops  to  other  known  traceable  beds. 

It  is  also  possible  that  the  entire  thickness  of  coal  on  bed  I  is  not 
exposed  at  locations  183,  184,  and  185.  At  location  193,  in  sec.  20, 
coal  "  bloom  "  was  exposed  about  6  feet  below  the  base  of  bed  I,  but 
it  was  not  possible  to  determine  the  source  of  this  "bloom."  The 
difference  in  the  thickness  of  coal  between  sections  at  locations  194, 
in  sec.  20,  and  195,  in  sec.  29,  is  due  to  a  change  in  thickness  of  the 
bed,  as  there  is  no  doubt  about  the  correlation  of  these  sections. 
South  qf  location  196  bed  I  is  concealed  by  alluvial  'deposits  for  a 
distance  of  a  mile  or  more.  The  next  measurement  of  the  bed  was 
made  at  a  good  exposure  at  location  197,  in  sec.  32.  A  sample  of 
coal  for  analysis  (laboratory  No.  14903,  p.  80)  was  collected  from 
this  surface  exposure. 

Two  thin  coal  beds  (8  inches  and  4  inches  thick)  crop  out  at 
distances  of  17  and  28  feet,  respectively,  above  bed  I  at  location  199, 
in  sec.  32.  The  8-inch  bed  probably  should  be  correlated  with  coal 
bed  J.  The  southernmost  section  showing  the  full  thickness  of  coal 
on  bed  I  in  this  township  was  measured  at  location  203,  in  sec.  21. 
The  scarcity  of  measurements  in  this  vicinity  is  due  mainly  to  a  lack 
of  exposures  at  this  horizon.  A  1  foot  1  inch  bed  of  coal  is  exposed 
at  location  199,  on  the  south  side  of  a  knoll  near  the  south  quarter 
corner  of  sec.  28,  and  is  believed  to  represent  the  lower  Ixjnch  of 
bed  I,  the  upper  bench  not  being  represented. 

Bed  J. — ^Bed  J  was  measured  at  12  places  in  this  township,  the 
locations  of  which  are  designated  by  Nos.  204  to  215.  It  is  of  little 
economic  impoi'tance,  being  thin  (ranging  from  a  few  inches  of  shale 
containing  thin  bands  of  coal  at  location  210  to  2  feet  4  inches  of  coal 
at  location  206)  and  locally  split  by  shale  partings  into  two  or  more 
benches.  Coal  sections  at  locations  206  to  209,  211.  and  215  are 
shown  on  Plate  VIII:  the  others  aie  fullv  described  below. 
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At  location  204,  in  sec.  2,  bed  J,  which  is  1  foot  1  inch  thick,  is 
overlain  by  7  feet  8  inches  of  sandstone  and  shale,  which  in  turn  are 
overlain  by  a  local  lens  of  coal  only  7^  inches  thick.  The  strati- 
graphic  distance  between  beds  I  and  J  at  this  point  is  7  feet.  The 
scarcity  of  sections  on  this  coal  bed  is  due  partly  to  its  lenticular 
character,  partly  to  the  extensive  burning  of  the  underlying  coal 
bed  (bed  I),  and  partly  to  the  presence  of  hill  wash  that  covers  the 
outcrop  of  the  bed  in  places. 

Little  is  known  of  this  bed  between  locations  204  and  206,  except 
at  location  205,  where  it  contains  1  foot  1  inch  of  coal  in  one  bench, 
overlain  and  underlain  by  shale. 

Between  locations  206,  in  sec.  17,  and  209,  in  sec.  20,  the  exposures 
are  not  so  far  apart  and  the  graphic  sections  probably  represent 
about  the  true  thickness  of  coal.  At  .location  210,  in  sec.  29,  bed  J 
is  made  up  of  brown  shale  containing  thin  bands  of  coal  and  bone 
and  is  of  no  economic  importance.  Practically  nothing  is  known  of 
the  thickness  of  the  coal  along  the  outcrop  between  locations  210,  in 
sec.  29,  and  215,  in  sec.  32,  a  distance  of  about  4i  miles.  Much  of  the 
coal  between  these  points  has  been  burned  along  its  outcrop,  and  to 
this  is  probably  due  the  scarcity  of  the  exposures.  The  coal  sections 
at  locations  211  to  214,  inclusive,  were  measured  along  the  outcrop 
around  an  isolated  tract  in  sees.  20,  21,  and  29.  The  thickest  of  these 
four  sections  is  at  location  211,  in  sec.  29,  where,  the  coal  is  1  foot  10 
inches  thiclc.  The  coal  seems  to  be  thinner  toward  the  north  and 
east  from  location  211.  The  bed  contains  1  foot  2  inches  of  coal, 
underlain  and  overlain  by  shale,  at  location  212,  in  sec.  20;  9  inches 
of  coal,  with  roof  and  floor  of  carbonaceous  shale,  at  location  213,  in 
sec.  21;  and  only  7  inches,  with  shale  above  and  below  the  coal,  at 
location  214,  in  sec.  29.  As  these  measurements  are  well  distributed 
and  nearly  surround  the  isolated  tract,  they  suggest  that  probably 
bed  J  is  of  very  little  economic  importance  under  this  small  area. 

Bed  K. — Three  measurements  on  bed  K  were  obtained  in  this  town- 
ship, the  locations  of  which  are  shown  on  Plate  X  by  Xos.  216  to  218. 
At  location  216,  in  sec.  9,  the  bed  contains  1  foot  2  inches  of  coal, 
with  brown  shale  above  and  below  it;  and  at  locations  217,  in  sec.  29, 
and  218,  in  sec.  31,  it  contains  only  4  inches  of  coal.  Bed  K  in  this 
township  is  thus  of  no  economic  value,  as  at  location  216  only  a  very 
small  area  is  underlain  by  the  coal,  and  at  locations  217  and  218  it  is 
too  thin  to  be  mined.  About  20  feet  stratigraphically  above  bed  K, 
at  location  218,  is  a  bed  of  carbonaceous  shale  containing  a  little  coal. 

Bed  L. — ^Bed  L  in  this  township  was  measured  at  14  places,  which 
are  designated  on  Plate  X  by  Nos.  219  to  232.  Plate  VTIT  shows  the 
sections,  except  Nos.  219,  222,  224,  225,  226,  and  230,  which  are  de- 
scribed below.    The  range  in  thickness  is  from  6J  inches  at  location 
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219  to  4  feet  at  location  228.  The  correlation  shown  on  Plate  \rill 
is  doubtful  in  places,  but  it  is  believed  that  the  sections  here  referred 
to  bed  L  all  occur  at  the  same  stratigraphic  horizon. 

Bed  L  in  the  northern  part  of  the  township,  between  Muddy  and 
Quitchuppah  creeks,  underlies  only  a  few  isolated  tracts.  It  is  thin 
and  much  broken  by  partings  and  is  of  little  economic  imi)ortance, 
as  is  well  shown  by  the  following  sections.  At  location  219,  in  sec.  3, 
near  the  horizon  of  bed  L  there  are  two  thin  beds  of  coal — ^the  lower 
6J  inches  thick  and  the  upper  7  inches  thick — separated  by  about  8J 
feet  of  sandstone,  clay,  and  shale.  The  sections  at  locations  220  and 
221  are  shown  graphically  on  Plate  VIII.  At  location  222,  in 
sec.  2,  9^  inches  of  coal  on  bed  L  is  exposed  in  two  benches  separated 
by  a  3-inch  parting  of  drab  shale.  The  bed  is  here  overlain  and 
underlain  by  shale. 

The  section  at  location  223  is  shown  on  Plate  VIII,  except  that  the 
coal  in  its  upper  part  contains  several  ^-inch  beds  or  lenses  of  brown 
shale.  The  following  three  measurements  in  the  SE.  i  sec.  3  sug- 
gest that  bed  L  is  of  little  value  in  a  small  outlier  in  that  vicinity. 
At  location  224  it  contains  only  1  foot  2J  inches  of  coal  in  two 
benches,  separated  by  1  foot  3^  inches  of  shale.  The  bed  is  here 
overlain  by  shale  and  underlain  by  brown  clay.  At  location  225  it 
contains  1  foot  1^  inches  of  coal,  overlain  by  clay  and  underlain  by 
shale,  and  at  location  226  it  contains  only  1  foot  of  coal,  overlain  by 
sandstone  and  underlain  by  shale. 

The  exposures  in  the  southwestern  part  of  the  township,  at  loca- 
tions 227  to  232,  suggest  that  bed  L  is  of  more  economic  importance 
here  than  elsewhere  in  this  township.  In  this  area  it  contains  from 
1  foot  6  inches  to  4  feet  of  coal.  At  some  places  the  coal  is  badly 
weathered  and  films  of  gypsum  fill  the  joints  and  bedding  planes. 
The  sections  are  all  shown  on  Plate  VIII,  except  that  at  location  230, 
where  the  coal  was  very  poorly  exposed,  but  where,  it  is  believed, 
from  3  to  4  feet  of  coal  is  present.  The  bed  is  here  overlain  by  sand- 
stone and  underlain  by  shale. 

Bed  M. — Bed  M  was  measured  in  this  township  at  five  locations, 
which  are  indicated  on  Plate  X  by  Nos.  233  to  237.  Two  of  the  sec- 
tions, at  locations  234  and  236,  are  shown  graphically  on  Plate  VIII, 
and  the  others  are  described  below.  At  location  233,  in  sec.  11,  6 
inches  of  coal,  overlain  and  underlain  by  brown  carbonaceous  shale, 
is  believed  to  represent  bed  M.  The  section  at  location  234,  in  sec. 
7  (see  PI.  VIII),  shows  that  the  bed  has  materially  changed  in 
character  and  thickness  from  that  exposed  at  location  233.  The 
change  is  even  more  striking  between  the  near-by  sections  at  loca- 
tions 234  to  237,  inclusive.  At  location  235,  in  sec.  7,  the  bed  is 
practically  worthless,  consisting  mainlj'  of  brown  sandy  carl)onaceous 
shale  with  thin  streaks  of  coal.    At  location  236,  in  sec.  18,  it  is  of 
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more  value,  containing  3  feet  3  inches  of  coal.  At  location  237,  in 
sec.  19,  1  foot  of  coal  believed  to  represent  bed  M  is  exposed,  with 
roof  and  floor  of  brown  shale. 

T.  84  S.,  R.  6  E. 

The  8  coal  beds  exposed  in  T.  24  S.,  R.  o  E.,  was  measured  at  80 
places.  The  table  below  shows  the  beds  that  are  present  and  the 
numbers  of  the  coal  sections  measured. 

Coal  beds  exposed  in  T.  .?//  »S'..  R.  5  E, 


Coal 
sections. 

M 811-317 

L 305-310 

K 300-304 


Coal 
sectioDR. 

J 282-299 

I 264-281 

H 247-203 


Coal 
sections. 

G 246 

A 238-245 


Bed  A, — The  coal  in  bed  A  in  this  township  has  been  more  or  less 
burned  along  its  outcrop.  The  rocks  overlying  the  coal  bed  south 
of  the  main  branch  of  Willow  Creek  and  north  of  the  principal 
south  branch  of  Willow  Creek  are  considerably  baked,  and  the  hori- 
zon of  the  bed  is  represented  by  a  dark-red  band  along  the  hillside, 
whereas  north  of  Willow  Creek  the  burning  has  been  so  complete 
that  no  coal  remains  at  the  surface  on  bed  A.  South  of  Willow 
Creek,  however,  there  are  a  few  unburned  wedges  or  remnants  of 
the  coal  which  give  the  probable  range  in  thickness  of  the  coal  in  this 
township.  The  sections  measured  on  bed  A  at  locations  238  to  245 
are  shown  graphically  on  Plate  IX. 

South  of  Willow  Creek  bed  A  in  this  township  varies  greatly  in 
tliickness  from  place  to  place,  ranging  from  9  feet  10  inches  at 
location  241  to  14  feet  6  inches  at  location  240.  The  coal  was  meas- 
ured in  sec.  13  at  location  238,  where  the  outcrop  crosses  Willow 
Creek.  The  top  of  the  bed  at  this  place  was  not  fully  exposed,  being 
overlain  by  soil,  gravel,  and  bowlders,  but  it  is  believed  that  all  the 
coal  of  value  is  shown  graphically  in  the  section  on  Plate  IX.  South- 
ward from  location  238  for  a  distance  of  about  a  mile  the  exposures 
on  bed  A  are  very  poor,  and  the  next  measurement  was  obtained  at 
location  239,  in  sec.  24.  The  base  of  the  bed  was  not  definitely  de- 
termined, but  at  least  12  feet  of  coal  is  present  at  this  place.  A  thin 
streak  of  bony  coal,  not  shown  on  Plate  IX,  occurs  about  2  feet  below 
the  top  of  the  bed  at  location  239.  At  location  240,  in  sec.  24,  about 
a  quarter  of  a  mile  south  of  location  289,  the  bed  contains  14  feet  2 
inches  of  fairly  good  coal  in  two  benches.  It  is  believed  that  the 
entire  bed  is  exposed  here,  which  suggests  that  probably  the  two  pre- 
vious measurements  given  underestimate  the  amount  of  coal  in  the 
bed.  Near  location  242,  in  sec.  20,  the  coal  bed  was  burning  at  the 
time  of  the  field  examination.  A  sample  for  analysis  (laboratory 
No.  16061,  p.  80)  was  collected  from  the  surface  prospect  at  location 
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243,  in  sec.  2C.  The  sample  was  considerably  weathered  and  can  not 
give  an  adequate  idea  of  the  character  of  the  coal  under  thick  cover. 
Coal  bed  A  was  not  measured  along  the  outcrop  toward  the  east, 
southeast,  south,  and  southwest  for  a  distance  of  1|  to  2  miles  from 
location  244,  in  sec.  24,  but  at  location  245,  in  sec.  25,  it  contains  12 
feet  9  inches  of  fairly  good  coal  in  two  benches.  South  of  this 
point  in  this  township  no  sections  were  measured  on  this  bed,  but 
according  to  the  section  at  location  387,  in  sec.  3,  T.  25  S.,  R.  5  E., 
it  contains  7  feet  2  inches  of  coal.  This  bed  probably  contains  coal 
of  workable  thickness  southward  from  location  245. 

Bed  G. — Bed  G  was  measured  in  this  township  only  at  location 
246,  in  sec.  24,  where  5  inches  of  weathered  coal,  overlain  and  under- 
lain by  brown  shale,  is  exposed. 

Bed  n, — Bed  H  was  measured  in  this  township  at  17  locations, 
which  are  designated  on  the  map  (PL  X)  by  Nos.  247  to  263.  Six  of 
the  sections  are  shown  on  Plate  IX ;  the  others  are  described  below. 
Bed  H  overlies  bed  G  in  this  township  at  a  stratigraphic  distance  of 
approximately  50  feet.  It  ranges  in  thickness  from  8  inches  at  loca- 
tion 262  to  2  feet  7  inches  at  location  255.  I'he  three  northernmost 
exposures  on  this  bed,  at  locations  247,  248,  and  249,  in  sec.  13,  show 
it  to  contain  about  1  foot  of  coal.  The  graphic  sections  on  Plate  IX 
show  the  thickness  and  character  of  the  bed  at  locations  250,  in  sec. 
13,  and  251.  in  sec.  12.  At  location  252,  in  sec.  13,  it  contains  1  foot 
of  coal,  slightly  bony  at  the  base,  overlain  by  shale  and  underlain  by 
clay.  The  character  and  thickness  of  the  bed  at  locations  253,  in 
sec.  11,  and  254  and  255,  in  sec.  14,  are  shown  by  the  graphic  sections 
on  Plate  IX.  The  distance  between  beds  H  and  I  at  location  255 
is  6  feet.  About  two-thirds  of  a  mile  farther  east,  at  location  256, 
in  sec.  13,  this  bed  contains  1  foot  3  inches  of  coal,  overlain  and  under- 
lain by  shale;  and  at  location  257,  in  sec.  14,  the  coal  bed  is  repre- 
sented bv  brown  to  black  carbonaceous  shale.  About  a  mile  south  of 
location  257  bed  H  at  locations  258  and  259,  in  sec.  23,  contains  1 
foot  3  inches  of  coal,  overlain  by  clay  and  underlain  by  shale.  In  the 
NE.  \  SE.  J  sec.  28,  at  location  260,  on  the  west  side  of  a  deep  can- 
von,  1  foot  of  coal,  overlain  bv  clav  and  underlain  bv  shale,  is  ex- 
posed  on  bed  H.  The  coal  section  at  location  261  is  shown  graphi- 
callv  on  Plate  IX.  Xear  the  south  boundarv  of  sec.  23,  at  location 
262,  only  8  inches  of  coal  is  exposed  on  bed  II  which  seems  to  be  of 
little  economic  importance  farther  south  and  southwest.  The  south- 
ernmost place  at  which  this  bed  was  measured  in  the  township  is  in 
the  SW.  \  XW.  J  sec.  26,  at  location  263,  where  9  inches  of  coal, 
overlain  and  underlain  by  shale,  is  exposed. 

Bed  /. — Bed  I  was  measured  in  this  township  at  18  locations* 
which  are  desiirnated  on  the  map  (PI.  X)  by  Nos.  264  to  281.  Part 
of  the  sections  measured  are  represented  graphically  on  Plate  IX; 
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the  others  are  described  below.  The  bed  throughout  this  township 
is  less  than  2  feet  in  thickness,  except  at  location  272,  in  sec.  11, 
where  it  is  3  feet  6  inches  thick.  At  location  264,  in  sec.  13, 1  foot  of 
coal,  overlain  and  underlain  by  clay,  is  exposed  on  bed  I.  The  sec- 
tions measured  at  locations  265,  266,  and  267,  in  sec.  13,  are  shown 
graphically  on  Plate  IX.  In  the  NE.  i  NE.  i  sec.  13,  1  foot  1  inch 
of  coal,  overlain  by  bone  and  shale  and  underlain  by  shale,  is  be- 
lieved to  represent  bed  I.  The  following  section  of  this  bed  was  made 
at  location  268,  in  sec.  13 : 

Bedion  of  coal  hed  I  at  location  268  in  the  NW.  i  NE,  i  sec,  13,  T.  24  fif.,  i2.  5  E. 

Clay,  dark  brown.  Pt.    in. 

Bone 2 

Coal,  bony,  brownish  black 5 

Coal,  weathered,  stained  yellow  in  places 8 

Clay,  dark  reddish  brown 5± 

Shale,  dark  blue,  

Total  coal 1      1 

Five  inches  of  coal,  overlain  and  underlain  by  dark-brown  shale, 
supposed  to  be  on  bed  I,  is  exposed  at  location  269,  in  sec.  12.  The 
coal  section  at  location  270,  in  sec.  12,  is  shown  graphically  on  Plate 
IX.  At  location  271,  in  sec.  13,  the  bed  contains  only  9  inches  of  dull, 
weathered  coal,  which  is  overlain  by  bone  and  underlain  by  shale. 
Bed  I  at  location  272,  in  sec.  11,  is  3  feet  6  inches  thick  (see  PL  IX), 
containing  more  coal  than  was  seen  at  any  other  exposure  on  this 
bed  in  this  township.  The  bed  is  represented  by  1  foot  2  inches  of 
coal,  overlain  and  underlain  by  clay,  at  location  273,  in  sec.  14,  on 
the  south  side  of  Willow  Creek.  Plate  IX  shows  the  thickness  and 
character  of  bed  I  at  location  274,  in  sec.  13.  At  location  275,  in  sec. 
14,  1  foot  2  inches  of  coal  is  exposed,  and  at  location  276,  in  sec.  23, 
1  foot  of  weathered  coal,  overlain  by  shale  and  underlain  by  clay, 
represents  the  bed.  At  location  277,  about  1,000  feet  northeast  of 
location  276,  1  foot  of  coal,  overlain  by  clay  and  underlain  by  shale, 
is  exposed  on  bed  I.  The  coal  section  at  location  278,  in  sec.  23,  is 
shown  graphically  on  Plate  IX.  ♦  The  bed  was  measured  at  loca- 
tion 279,  about  a  quarter  of  a  mile  farther  southwest,  where  1  foot 
of  coal  is  exposed.  Only  6  inches  of  coal  is  exposed  at  location  280, 
in  sec.  23.  The  southernmost  measurement  on  bed  I  in  this  township 
was  made  in  sec.  26,  at  location  281,  where  9  inches  of  coal,  overlain 
by  shale  and  underlain  by  dark-gray  clayey  sandstone,  is  exposed. 

Bed  /. — Bed  J  was  measured  in  this  township  at  18  locations,  Nos. 
282  to  299.  (See  PL  X.)  Most  of  the  sections  are  shown  graphically 
on  Plate  IX.  The  maximum  thickness  is  3  feet  2  inches  at  location 
291.  At  location  282,  in  the  SE.  i  NE.  J  sec.  13,  9  inches  of  coal, 
overlain  by  clay  and  underlain  by  bone,  is  exposed  on  bed  J.  The 
21246**— Bull.  628—16 5 
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sections  at  locations  283  to  289,  in  sees.  11,  12,  and  18  (see  PI.  IX), 
show  the  bed  to  be  rather  irregular  in  thickness  (from  1  foot  8  inches 
to  2  feet  10  inches)  between  these  points  and  to  occur  in  one  bench. 
The  upper  bed  of  coal  exposed  at  locations  285  and  286  (see  PL  IX) 
should  probably  be  correlated  with  bed  K.  At  location  290,  in  sec. 
11,  2  feet  6  inches  of  coal,  overlain  by  sandstone  and  underlain  by 
dark-brown  carbonaceous  shale,  represents  bed  J.  The  sections  at 
locations  291  in  sec.  14,  and  292,  in  sec  13,  show  the  bed  to  be  thicker 
than  at  the  locations  described  above.  (See  PL  IX.)  The  stratigraphic 
distance  between  beds  I  and  J  at  location  293  is  9  feet.  Bed  J  between 
locations  293,  in  sec.  14,  and  296,  in  sec.  23,  is  thin  and  of  little  eco- 
nomic importance.  At  location  293  it  contains  1  foot  1  inch  of  coal ; 
at  294, 1  foot  2  inches ;  at  295, 1  foot ;  and  at  296,  only  9  inches.  The 
roof  and  floor  of  the  bed  in  this  locality  are  generally  shale  and  clay, 
respectively.  The  sections  at  locations  297,  in  sec.  23,  to  299,  in  sec. 
•  26,  inclusive  (see  PL  IX),  show  bed  J  to  be  of  little  economic  im- 
portance and  to  deteriorate  in  value  toward  the  south.  It  is  exposed 
in  two  beds,  neither  of  which  is  thick  enough  to  be  profitably  mined. 

Bed  K. — Bed  K  was  examined  in  this  township  at  locations  300 
to  304,  which  are  indicated  on  the  map  (PL  X).  Only  one  section 
(at  location  304)  is  shown  on  Plate  IX;  the  others  are  briefly 
described  below.  Bed  K  in  this  township  lies  about  11  feet  strati- 
graphically  above  the  top  of  bed  J  and  reaches  a  maximum  thickness 
of  only  1  foot  7  inches  at  location  304.  It  follows  that  the  bed  in 
this  township  is  of  little  economic  importance.  There  are,  however, 
two  lenses  of  coal,  probably  of  small  lateral  extent,  which  are  of 
some  value,  one  in  the  vicinity  of  location  302,  in  sec.  13,  and  the 
other  in  the  vicinity  of  location  304,  in  sec.  23.  At  locations  300  and 
301,  both  in  sec.  13,  bed  K  contains  10  inches  of  coal.  At  the  former 
place  the  roof  and  floor  are  bone  and  at  the  latter  the  roof  is  clay 
and  the  floor  is  shale.  An  exposure  about  a  quarter  of  a  mile  west 
of  location  301,  believed  to  represent  bed  K,  shows  1  foot  1  inch  of 
coal  having  a  roof  and  floor  of  carbonaceous  shale.  A  short  distance 
farther  west  1  foot  2  inches  of  coal,  supposedly  on  bed  K,  is  exposed. 
At  location  302,  in  sec.  18,  there  is  1  foot  2  inches  of  coal  having  clay 
above  and  bone  below  it.  At  location  303,  in  sec.  12,  the  bed  con- 
tains only  8  inches  of  coal  having  a  shale  floor  and  roof. 

Bed  L. — Bed  L  was  measured  in  this  township  at  six  locations, 
designated  on  the  map  (PL  X)  by  Nos.  305  to  310.  Three  of  the 
sections  are  shown  on  Plate  IX.  The  bed  in  this  township  is  approx- 
imately 55  feet  stratigraphically  above  bed  K  and  15  feet  strati- 
graphically  below  bed  M.  Bed  L,  like  bed  K,  is  of  little  economic 
importance  in  this  township,  although  several  exposures  show  a 
thickness  of  coal  greater  than  1  foot  3  inches.    The  sections  at  loca- 
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tions  305  and  806,  both  in  sec.  13,  show  more  than  1  foot  4  inches  of 
coal.  (See  PL  IX.)  Two  other  exposures  on  bed  L,  one  about  100 
to  200  feet  west  of  location  306  and  the  other  at  location  307,  in  sec. 
13,  each  contain  11  inches  of  coal  having  a  bone  roof  and  a  shale 
floor.  At  location  808,  in  sec.  23,  the  bed  contains  1  foot  of  coal,  the 
lower  4  inches  of  which  is  slightly  bony.  At  location  309,  in  sec.  25, 
only  8  inches  of  coal  is  exposed.  The  bed  at  both  locations  is  over- 
lain and  underlain  by  shale.  In  the  SE.  ^  SE.  ^  sec.  24,  on  the  east 
side  of  the  ridge,  5  inches  of  coal  is  exposed  which  is  believed  to  rep- 
resent bed  L.  The  southernmost  exposure  of  bed  L  in  this  township 
is  on  the  north  side  of  Last  Chance  Creek,  at  location  310,  in  sec.  31, 
where  1  foot  8  inches  of  coal,  overlain  and  underlain  by  dark-brown 
shale,  is  exposed. 

Bed  M, — Bed  M  in  this  township  was  measured  at  seven  locations, 
which  are  represented  on  the  map  (PI.  X)  by  Nos.  811  to  317.  The 
sections  at  locations  811  to  314,  in  sees.  13,  14,  and  23,  are  shown  on 
Plate  IX ;  the  remainder  are  described  below.  The  maximum  thick- 
ness is  5  feet  2  inches,  at  location  313  in  sec.  14.  The  bed  is  repre- 
sented by  11  inches  of  coal,  with  shale  above  and  below,  at  location 
815  in  the  SE.  \  SW.  i  sec  28.  At  location  316,  on  the  south  fork 
of  Willow  Creek  in  the  SE.  \  SE.  J  sec  27,  bed  M  is  represented 
by  7  inches  of  bone  and  bony  coal  of  no  economic  value.  The 
southernmost  place  where  this  bed  was  measured  in  this  township 
is  in  the  SE.  \  SW.  \  sec.  25,  at  location  317,  where  1  foot  1  inch 
of  coal,  overlain  by  clay  and  underlain  by  sandstone,  is  exposed. 
Overlying  the  bed  at  this  place  there  is  approximately  70  feet  of  the 
lower  part  of  the  shale  above  the  Ferron  sandstone. 

T.  M  B.,  K.  6  B. 

Beds  A,  C,  F,  G,  H,  I,  J,  K,  L,  and  M  are  represented  in  T.  24 
S.,  B.  6  E.,  by  a  total  of  53  measurements,  designated  on  the  map 
(PL  X)  by  locations  318  to  370.  All  the  sections  containing  more 
than  1  foot  4  inches  of  coal  are  shown  graphically  on  Plate  IX  by 
corresponding  numbers.  The  following  table  indicates  the  numbers 
of  the  sections  measured  on  each  bed : 

Coal  beds  exposed  in  T.  2Jk  S.,  R.  6  E. 


Coal 

Coal 

Coal 

sectiong. 

sections. 

sections. 

M--. 

370 

I 

347-555 

0 328-332 

Ti 

36^-369 

H 

342-346 

A 318-327 

K— 

364r^65 

G 

338-541 

J— . 

856-863 

F 

333-337 

Bed  A. — Bed  A,  which  is  the  lowest  one  in  the  section,  was  meas- 
ured in  this  township  at  10  locations,  which  are  represented  on  Plate 
X  by  N  >s.  818  to  827.   The  details  of  the  sections  are  shown  graph!- 
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cally  on  Plate  IX.  The  bed  ranges  in  thickness  from  1  foot  5  inches 
at  location  825  to  13  feet  5  inches  at  location  819.  A  good  example 
of  the  apparent  abrupt  change  in  thickness  of  bed  A  is  furnished 
by  coal  sections  181  (PL  VIII)  and  818  (PI.  IX).  The  former 
section,  showing  2  feet  8  inches  of  coal,  was  measured  in  sec.  83, 
T.  23  S.,  E.  6  E.,  and  the  latter,  showing  8  feet  1  inch  of  coal,  was 
measured  in  lot  8,  sec.  5,  T.  24  S.,  B.  6  E.,  only  about  1  mile  distant. 
There  appears  to  be  no  constant  rate  of  change  in  bed  A  in  any  par- 
ticular direction.  At  location  319,  in  lot  9,  sec.  4,  east  of  location 
318,  the  bed  attains  its  greatest  thickness  (18  feet  5  inches)  observed 
in  this  township.  Less  than  half  as  much  coal  (5  feet  1  inch)  is 
exposed  at  location  320,  in  lot  14,  sec.  5,  whereas  at  location  321,  in 
lot  16,  sec.  6,  9  feet  6  inches  is  exposed.  Southwestward  from  loca- 
tion 321,  however,  to  location  327,  in  sec.  18,  the  bed  is  much  thinner 
and  is  badly  split  by  partings  at  locations  322,  823,  and  324.  At 
various  places  along  the  north  side  of  Willow  Creek  valley,  in  sec. 
18,  the  horizon  of  bed  A  is  marked  by  a  considerable  thickness  of 
baked  clay  which  locally  contains  some  slag  or  fused  material.  When 
the  thickness  of  coal  in  bed  A  at  location  238,  in  the  SW.  i  NW.  i 
sec.  13,  T.  24  S.,  R.  5  E.,  is  compared  with  the  sections  last  given 
above,  it  seems  doubtful  if  the  entire  thickness  of  the  coal  bed  is 
exposed  at  locations  322  to  327.  It  is  believed  from  a  careful  study 
of  the  coal  in  this  locality  that  bed  A  is  valuable  for  several  miles 
along  the  outcrop  southward  from  Ivie  Creek  and  probably  is  of 
some  value  as  far  south  as  Last  Chance  Creek.  If  it  may  be  assumed 
that  bed  A  is  continuous  and  fairly  constant  in  thickness,  the  sec- 
tions measured  at  locations  322  to  327  probably  represent  only  a 
part  of  bed  A  or  possibly  a  "split"  from  it.  The  bed  probably 
underlies  portions  of  lots  3  and  4,  in  sec.  19,  for  at  locations  244 
and  245,  in  sees.  24  and  25,  respectively,  T.  24  S.,  R.  5  E.,  only  a 
short  distance  to  the  west,  bed  A  contains  12  to  14  feet  of  coal. 

Bed  C. — Coal  sections  328  to  832  (see  PI.  IX)  represent  bed  C  in 
this  township  and  are  arranged  on  Plate  X  in  order  from  north  to 
south  along  the  outcrop.  This  bed  at  location  328,  in  sec.  8,  con- 
tains 10  inches  of  coal,  overlain  by  shale  and  clay  and  underlain  by 
clay.  The  bed  is  variable  in  thickness  and  is  badly  split  by  partings 
in  sees.  7,  8,  and  18,  as  is  shown  graphically  on  Plate  IX  by  sections 
829  to  831.  The  greatest  thickness  is  7  feet  4  inches,  at  location  832, 
in  sec.  18.  Bed  C  in  this  locality  is  35  feet  stratigraphically  above 
bed  A. 

Bed  F. — Bed  F  was  measured  in  this  township  at  five  locations, 
which  are  designated  on  Plate  X  by  Nos.  333  to  337.  The  sections 
at  locations  835  to  337  are  shown  graphically  on  Plate  IX.  The  bed 
is  of  little  economic  importance  in  this  township,  as  the  benches  of 
coal  are  thin  and  the  intervening  partings  imusually  thick,  except 
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at  location  837,  where  the  bed  is  possibly  of  value,  being  3  feet  6 
inches  thick,  including  partings.  The  section  measured  at  location 
883  is  as  follows: 

Section  of  thin  coal  beds  at  the  horizon  of  bed  F  at  location  3S3,  in  lot  1,  sec.  5, 

T,  ^4  o.f  R,  6  'E» 

Ft.       In. 
Sandstone,    massive,    yeUowlsh    gray;    contains    clay- 

baU  concretions 30+ 

Goal,  blocky 6 

Shale,  brown,  carbonaceous 2        0 

Shale,  brown  to  black ;  contains  thin  streaks  of  coal—  2        0 

Coal,  Impure,  of  variable  thickness 8± 

Sandstone,   argillaceous  and  carbonaceous,  brown  at 

top;  becomes  less  argillaceous  and  thin  bedded  near 

bottom 7        0 

Clay,  drab,  grading  down  Into  brown  shale 1      10 

Coal,  bright 7 

Shale,  brown,  carbonaceous 6+ 

The  base  of  the  section  at  location  833  is  about  60  feet  above  the 
top  of  bed  A  at  location  318.  An  outcrop  of  bed  G,  near  location 
340,  in  sec.  5,  shows  that  bed  F  contains  only  brown  carbonaceous 
shale.  The  distance  between  beds  F  and  6  at  this  place  is  42  feet. 
At  location  834,  in  lot  15,  sec.  6,  about  4  miles  along  the  outcrop  but 
approximately  1^  miles  in  a  straight  line  southwest  from  location 
833,  bed  F  contains  only  8  inches  of  coal,  having  a  brown  carbona- 
ceous shale  floor  and  roof.  The  distance  between  beds  F  and  A  at 
location  334  is  65  feet,  as  compared  with  60  feet  at  location  833.  The 
sections  at  locations  335  to  337  (see  PI.  IX)  shows  the  tjiickness  and 
the  character  of  the  coal  and  the  character  of  the  floor  and  roof  of 
bed  F  in  sees.  7,  8,  and  18. 

Bed  O. — Bed  G  is  represented  in  this  township  by  coal  sections  838 
to  341,  which  are  described  below.  Three  benches  of  coal  aggre- 
gating 2  feet  8  inches  are  exposed  at  location  338,  in  lot  10,  sec.  4. 
The  thickness  of  each  bench  of  coal  and  the  thickness  and  character 
of  the  partings  are  shown  on  Plate  IX.  Coal  section  839,  measured 
in  lot  9,  sec.  4,  contains  2  feet  3  inches  of  coal  in  two  benches,  sepa- 
rated by  4  inches  of  brown  shale  that  begins  9  inches  below  the  top 
of  the  bed.  Brown  carbonaceous  shale  both  overlies  and  underlies  the 
coal.  Bed  G  at  this  place  is  approximately  90  feet  stratigraphically 
above  the  top  of  bed  A  (PL-  IX,  coal  section  319).  At  location  340, 
in  lot  11,  sec.  5,  11  inches  of  coal,  overlain  by  clay  and  underlain  by 
brown  shale,  represents  bed  G,  which  is  65  feet  below  the  base  of  bed 
I  (PL  IX,  coal  section  849).  At  location  341,  in  lot  10,  sec.  5, 1  foot 
1  inch  of  coal,  overlain  and  underlain  by  brown  carbonaceous  shale, 
represents  bed  G,  and  this  is  the  southernmost  measurement  obtained 
on  this  bed  in  thia  township. 
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Bed  H. — Bed  H  in  this  township  was  measured  at  five  exposures, 
which  are  designated  on  Plate  X  by  Nos.  842  to  846.  The  exposures 
at  locations  342  to  345  are  all  in  sec.  6,  and  the  character  and  thick- 
ness of  the  coal  are  shown  on  Plate  IX.  Southward  from  sec.  6 
the  bed  was  examined  in  the  NE.  \  SW.  \  sec.  18,  near  the  east  end 
of  a  high  ridge,  where  it  contains  only  9  inches  of  coal,  having  a 
shale  floor  and  roof.  The  southernmost  exposure  examined  in  this 
township  is  at  location  346,  in  sec.  18,  where  there  is  1  foot  3  inches 
of  coal,  overlain  by  clay  and  underlain  by  shale. 

The  stratigraphic  distance  between  beds  H  and  A  at  location  347, 
in  sec.  4,  is  210  feet. 

Bed  L — Coal  bed  I  and  the  associated  rocks  were  examined  at 
nine  locations,  which  are  designated  on  Plate  X  by  Nos.  347  to  355. 
All  these  sections  except  Nos.  350,  352,  and  354  are  shown  graphically 
on  Plate  IX.  This  coal  bed,  if  the  correlation  of  the  exposures  here 
suggested  is  correct,  is  in  this  township  extremely  variable  in  thick- 
ness, as  well  as  in  the  number  and  arrangement  of  the  benches.  The 
graphic  sections  show  very  well  its  variable  character.  The  coal  bed 
in  sees.  4  and  5,  at  locations  347  to  349,  seems  to  be  relatively  con- 
stant in  thickness,  except  for  the  lower  two  benches  at  location  348 
(see  PL  IX) ,  which  may  represent  a  split  from  bed  I  or  a  local  lens  of 
small  lateral  extent.  Bed  I  in  the  vicinity  of  location  356  (on  bed  J), 
in  sec*  5,  is  represented  by  a  band  of  carbonaceous  shale.  Toward  the 
west,  in  sec.  6,  at  locations  350  to  353,  it  is  of  no  economic  value.  At 
location  350,  in  lot  10,  sec.  6,  an  exposure  believed  to  represent  bed  I 
contains  only  4  inches  of  coal,  having  a  carbonaceous  shale  floor  and 
roof.  The  section  at  location  351  is  shown  on  Plate  IX.  At  location 
352,  in  the  center  of  sec.  6,  the  bed  contains  1  foot  3  inches  of  coal 
having  a  roof  and  floor  of  carbonaceous  shale,  but  at  location  353, 
only  a  few  hundred  feet  to  the  southeast,  there  is  only  3  inches  of 
coal.  (See  PL  IX.)  No  exposure  was  examined  on  bed  I  between 
the  SE.  J  sec.  6  and  the  SW.  J  sec.  18.  At  location  354,  in  the  N.  \ 
SW.  i  sec.  18,  this  bed  contains  11  inches  of  coal,  having  a  carbona- 
ceous shale  roof  and  floor.  The  section  at  location  355  is  shown  on 
Plate  IX. 

Bed  J. — Bed  J  in  this  township  was  measured  by  eight  locations 
(PL  X,  Nos.  356  to  363),  and  all  the  sections  except  Nos.  361  to  368 
are  shown  graphically  on  Plate  IX.  The  exposures  examined  occur 
in  sees.  5  and  6,  except  one  at  location  363,  in  sec.  18.  The  bed  is  of 
value  along  its  outcrop  from  location  356  to  a  point  between  loca- 
tions 359  and  360,  but  eastward  and  southward  from  location  360  it 
is  of  no  economic  value  in  this  township.  At  location  361,  in  the 
NW.  i  SE.  i  sec.  6,  the  horizon  of  bed  J  is  represented  by  a  highly 
carbonaceous  dark-brown  shale  1  foot  6  inches  thick.  In  the  NW.  i 
SE.  J  sec.  6,  at  location  362,  10  inches  of  coal,  overlain  by  sandstone 
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and  underlain  by  clay,  is  exposed  at  the  horizon  of  the  bed.  The 
southernmost  measurement  on  bed  J  in  this  township  was  made  at 
location  363,  in  the  NW.  i  SW.  J  sec.  18,  where  it  contains  1  foot 
2  inches  of  coal,  overlain  and  underlain  by  dark  carbonaceous  shale. 
The  stratigraphic  distance  between  beds  J  and  I  in  the  vicinity  of 
location  356  is  20  feet,  whereas  the  corresponding  distance  in  the 
vicinity  of  location  357  is  only  6  feet  6  inches. 

Bed  K. — Bed  K  in  this  township  was  measured  at  three  exposures, 
two  of  which  are  designated  on  the  map  (PL  X)  by  Nos.  364  and  365. 
At  location  364,  in  lot  10,  sec  6,  it  contains  1  foot  2  inches  of  coal, 
overlain  and  underlain  by  brown  shale.  In  the  NW.  J  SW.  J  sec.  18, 
10  inches  of  coal,  overlain  by  shale  and  sandstone  and  underlain  by 
bone  and  sandstone,  is  believed  to  represent  bed  K.  At  location  365, 
also  in  the  NW.  J  SW.  J  sec  18,  8  inches  of  coal,  overlain  and  under- 
lain by  bcmy  shale,  is  exposed. 

Bed  Z.-— Bed  L  was  measured  at  four  places  in  this  township 
(PL  X,  location  366  to  369).  The  sections  are  shown  graphically 
on  Plate  IX.  The  outcrop  of  bed  L  incloses  an  isolated  tract  in 
sees.  4  and  5  (see  PL  X),  and  the  bed  at  the  exposures  examined 
contains  about  3  feet  of  coal.  The  other  exposures  examined  on 
bed  L  are  so  far  apart  that  little  can  be  said  about  the  character  and 
thickness  of  the  coal  between  them.  Two  of  the  exposures  examined 
are  not  indicated  on  the  map.  In  the  NE.  \  SW.  \  sec.  18,  near  the 
east  end  of  a  high  ridge,  9  inches  of  coal  is  exposed ;  and  at  about  a 
quarter  of  a  mile  to  the  west  1  foot  8  inches  of  coal  is  exposed  at 
the  same  horizon. 

The  stratigraphic  distance  between  beds  L  and  I  at  location  367, 
in  sec.  4,  is  57  feet  and  between  beds  J  and  L  at  location  369,  in  sec.  18, 
is  49  feet 

Bed  M. — Coal  section  370,  measured  in  lot  1,  sec  7,  shows  that  bed 
M  contains  7  feet  11  inches  of  coal  in  two  benches,  the  upper  one  4 
feet  5  inches  thick,  separated  by  2  inches  of  bone.  Shale  both  over- 
lies and  underlies  the  coal  at  this  place.  It  is  quite  probable  that 
bed  M  underlies  the  small  outlying  hill  in  the  northwestern  part  of 
sec  7  and  also  an  irregular  strip  along  the  west  side  of  sec.  6,  where 
its  horizon  is  covered  by  alluvium.  It  is  known  to  be  present  also 
in  the  outlier,  whose  eastern  part  extends  into  sec.  18. 

T.  86  B.,  &.  4  E. 

Only  three  coal  beds  (A,  L,  and  M)  are  known  to  be  exposed  in 
T.  26  S.,  R.  4  E. 

Bed  A. — Bed  A  was  measured  at  three  locations  in  this  township, 
designated  on  Plates  IX  and  X  by  Nos.  371  to  373.  At  each  of  the 
three  exposures,  which  are  in  sec.  25,  it  contains  about  2  feet  '6i  coal. 
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but  southwestward  from  sec.  25  no  outcrop  was  seen,  and  little  is 
known  of  the  bed  in  sees.  26,  34,  and  35. 

Bed  Z. — Bed  L  in  this  township  was  measured  at  seven  locations 
(PI.  IX  and  X,  Nos.  374  to  380).  The  bed  ranges  in  thickness 
from  1  foot  8  inches  to  5  feet  10  inches,  being  thinnest  at  locations 
376  and  377  and  thickest  at  location  378.  So  far  as  the  exposures 
reveal  the  thickness  and  character  of  the  coal,  bed  L  is  very  irregular, 
as  is  shown  graphically  on  Plate  IX.  In  the  SW.  \  SE.  J  sec.  34, 
at  location  380,  a  total  of  3  feet  6  inches  of  coal  is  present  in  three 
beds  in  a  thickness  of  about  12  feet  of  strata.  The  two  lower' beds 
are  of  little  value,  as  they  are  thin  and  widely  separated  by  clay 
and  bone.  The  upper  bed,  2  feet  6  inches  thick,  is  probably  all  that 
would  be  removed  in  mining. 

Bed  M. — Six  measurements  were  obtained  on  bed  M  in  this  town- 
ship, and  are  designated  on  Plate  X  by  Nos.  381  to  386.  All  these 
sections  are  shown  graphically  on  Plate  IX,  except  No.  384  and 
the  upper  two  benches  of  No.  381.    In  sec.  13,  at  location  381, 

3  feet  8  inches  of  coal  is  exposed  in  a  section  of  rocks  13  feet 

4  inches  in  thickness.  The  two  upper  beds  are  each  6  inches  thick 
and  are  separated  by  4  feet  of  yellowish-gray  sandstone.  The 
middle  bed  is  separated  from  the  lowest  by  5  feet  6  inches  of 
brown  shale.  It  is  quite  probable  that  only  the  lower  bed  of  coal, 
which  is  2  feet  8  inches  thick  (see  PI.  IX)  will  be  mined.  At  loca- 
tion 384  about  800  feet  slightly  west  of  south  of  location  383,  in  the 
NW.  i  N W.  \  sec.  35, 1  foot  3  inches  of  coal,  overlain  by  sandstone  and 
imderlain  by  brown  shale,  represents  this  bed.  Overlying  bed  M 
at  this  locality  there  is  more  sandy  material  than  was  noted  in  this 
part  of  the  columnar  section  at  any  other  place  in  the  Emery  coal 
field.  Usually  bed  M  is  overlain  directly  by  yellowish-drab  sandy 
shale,  becoming  less  sandy  toward  the  top.  One  or  two  thin  beds  of 
limestone  also  were  noted  in  the  overlying  rocks  within  a  distance  of 
100  feet  above  this  coal  bed.  At  location  386  1  foot  11  inches  of  coal 
is  present  in  7  feet  11  inches  of  strata.  The  upper  bed  is  1  foot  4 
inches  thick  and  the  lower  one  7  inches  thick.  They  are  separated  by 
6  feet  of  light-gray  to  dark  clay  and  shale. 

T.  26  B.,  &.  6  E. 

In  T.  25  S.,  R.  5  E.,  21  measurements  were  obtained  on  four  coal 
beds.  The  following  table  shows  the  numbers  of  the  coal  sections 
measured  on  each  bed: 

Cool  heds  exposed  in  T,  25  S.,  R.  5  E, 

Coft) 
Bectiona. 

L 396-401 

A 887-«fi5 


Coal 

sectloiiB. 

M-    — 

403-407 

La 

.. 402 
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Bed  A. — Coal  bed  A  was  examined  in  this  township  at  nine  locations 
(PL  X,  Nos.  387  to  395).  The  sections  are  shown  graphically  on 
Plate  IX,  except  those  at  locations  393  to  395.  Southwestward  from 
sec.  3  into  sec.  9  bed  A  shows  a  gradual  decrease  in  thickness,  rang- 
ing from  7  feet  2  inches  at  location  387  to  2  feet  6  inches  at  location 
892.  No  exposures  were  observed  in  sees.  16  and  17,  but  farther  south- 
west the  bed  is  of  no  economic  value,  being  too  thin.  In  the  NW.  \ 
NE.  \  sec.  20,  at  location  393,  bed  A  contains  only  5  inches  of  good 
coal,  which  is  overlain  and  underlain  by  several  feet  of  brown  car- 
bonaceous shale,  containing  in  places  thin  streaks  of  coaL  The  bed  is 
represented  by  10  inches  of  coal  with  a  little  bone,  overlain  and  im- 
derlain  by  dark-brown  shale,  at  location  394,  in  the  NW.  \  NE.  \ 
sec  30.  At  location  395,  in  sec.  30,  about  a  quarter  of  a  mile  south- 
west of  location  394,  bed  A  contains  only  11  inches  of  coal,  overlain 
by  clay  and  underlain  by  shale. 

Bed  L. — ^Bed  L  was  measure<l  in  this  township  at  six  places — 
Nos.  396  to  401  (see  Pis.  IX  and  X),  inclusive.  The  graphic  sec- 
tions on  Plate  IX  show  the  character  and  thickness  of  the  bed  and 
probably  roughly  represent  its  true  condition,  as  the  exposures  are 
rather  uniformly  distributed  over  the  northwestern  part  of  the 
township.  At  location  398,  in  sec.  6,  a  bed  which  lies  10  feet  below 
the  bed  shown  m  the  plate  of  graphic  sections  (PI.  IX)  contains 
only  3  inches  of  coal. 

Bed  Leu — Only  one  exposure,  at  location  402,  in  sec  3,  was  ex- 
amined at  the  horizon  of  bed  La  in  this  township.  It  is  believed  that 
the  coal  exposed  here  is  but  a  local  lens  or  probably  a  split  from 
either  bed  M  or  bed  L.    This  section  is  given  on  Plate  IX. 

Bed  M. — Coal  bed  M  was  measured  in  this  township  at  five  loca- 
tions, which  are  designated  on  Plates  IX  and  X  by  Nos.  403  to  407. 
The  exposures  examined  are  not  well  distributed  and  so  perhaps 
do  not  truly  represent  bed  M  in  the  entire  township.  The  bed  is 
probably  irregular  in  thickness  and  occurrence,  however,  as  may  be 
inferred  from  the  sections  at  locations  403  to  405,  which  are  very 
near  together  in  sees.  4  and  5.  At  locations  406,  in  sec.  18,  and  407, 
in  sec.  30,  the  bed  is  more  than  6  feet  thick,  but  little  is  known  of  the 
coal  between  these  exposures  or  between  locations  406,  in  sec.  18,  and 
405,  in  sec.  5.  It  is  believed,  however,  that  only  the  middle  bench 
of  coal  at  location  404  is  exposed  at  location  405. 

T.  86  8.,  B.  4  E. 

The  coal  beds  of  T.  26  S.,  K.  4  E.,  which  are  present  only  in  sees. 
2,  3,  and  4,  were  measured  at  five  locations — ^Nos.  408  to  412. 

Bed  A. — ^Bed  A  was  measured  at  three  places  in  this  township, 
which  are  represented  on  Plates  IX  and  X  by  Nos.  408.  to  410. 
At  location  409,  in  sec  8,  a  prospect  tunnel  about  15  feet  in  length  had 
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been  made.  The  coal  here  was  very  much  broken  and  distorted.  The 
lower  3-foot  bench  of  the  lower  bed  was  sampled  for  analysis 
(laboratory  No.  15060,  p.  80)  at  the  back  end  of  this  entry.  The 
lower  coal  bed,  as  shown  on  Plate  IX  by  coal  section  409,  may 
be  present  elsewhere,  but  at  locations  408  and  410  there  is  no  evi- 
dence of  its  existence. 

Bed  5.— At  location  411,  in  the  SE.  \  NW.  i  sec.  8,  1  foot  1  inch 
of  coal,  overlain  by  clay  and  underlain  by  shale,  represents  bed  B. 
The  coal  at  this  place  is  about  12  feet  stratigraphically  above  bed  A« 

Bed  L. — ^At  location  412,  in  the  SE.  ^  NE.  \  sec.  4,  4  feet  4  inches 
of  coal,  overlain  and  imderlain  by  shale,  represents  what  is  believed 
to  be  bed  L.  On  account  of  considerable  cover  in  places  and  the  dis- 
turbed condition  of  the  strata  it  was  not  practicable  to  obtain  other 
measurements  on  any  of  the  coal  beds  in  this  township. 

COAL   IN   THE   DAKOTA    SANDSTONE. 

The  coal  in  the  Dakota  sandstone  is  of  some  economic  importance 
in  central  and  eastern  Utah  south  of  the  Book  Cliffs,^  but  along  the 
east  side  of  Castle  Valley  it  is  of  little  value  at  present,  and,  consider- 
ing the  extensive  deposits  of  coal  in  the  Mesaverde  formation  in  the 
Wasatch  Plateau  and  Book  Cliffs  fields  and  in  the  Ferron  sandstone 
member  of  the  Mancos  shale  in  the  Emery  field,  it  seems  doubtful  if 
the  coal  of  Dakota  age  in  this  region  will  ever  be  mined,  except  pos^ 
sibly  in  a  small  way  for  domestic  use  by  ranchers. 

Sections  of  coal  beds  of  Dakota  age  are  described  below  in  order 
from  north'  to  south.  The  locations  examined  are  indicated  on 
Plate  XII.  The  northernmost  exposure  of  coal  in  the  Dakota  sand- 
stone examined  in  Castle  Valley  is  in  the  SE.  \  NW.  \  sec.  24,  T.  17 
S.,  B.  10  E.,  at  location  413,  where  there  is  8  inches  of  coal,  overlain 
by  2  feet  or  more  of  black  carbonaceous  shale  and  underlain  by  5 
feet  or  more  of  the  same  material.  Several  prospect  pits,  some  of 
which  are  8  feet  or  more  in  depth,  have  been  opened  in  the  vicinity 
of  location  413.  No  evidence  of  coal  exists  at  the  outcrop  of  the 
Dakota,  although  exposures  are  good  for  about  15  miles  to  the  south- 
west, but  on  the  west  side  of  Huntington  Creek,  in  the  NW.  J  SW.  \ 
sec.  9,  T.  19  S.,  E.  9  E.,  at  location  414  the  following  section  shows 
the  character  of  the  rocks: 

BeHion  of  coal-hearing  strata  in  Dakota  sandstone  at  location  J^IJ^,  in  sec,  9, 

T.  19  S.,  R.  9  E, 

Ft.  In. 

Sandstone,  yeUow,  carbonaceous 1  0 

Shale,  black,  very  carbonaceous;  contains  thin  streaks 

of  coal  at  base 1  6 

Sandstone,  yellow,  carbonaceous 5  0 

7        6 

^  Richardson,  G.  B.,  Reconnaissance  of  the  Book  Cliffs  coal  field,  between  Orand  RlTer, 
Colo.,  and  Sunnystde,  Utah :  U.  S.  Geol.  Survey  Bull.  371,  pp.  12-13,  1909. 
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About  5  miles  southeast  of  Castledale  an  exposure  on  the  south  side 
of  Cottonwood  Creek,  in  the  SE.  J  NW.  i  sec.  17,  T.  19  S.,  R.  9  E.,  at 
location  415,  shows  a  lens  of  shale  and  coal  interbedded,  which  ranges 
in  thickness  from  a  knife-edge  to  3  feet.  The  lens  is  overlain  and 
underlain  by  yellowish-gray  iron-stained  sandstone.  About  a  quarter 
of  a  mile  south  of  this  place,  at  location  416,  a  prospect  has  been 
op^ied  on  a  bed  of  bone  2  feet  5  inches  thick,  the  top  11  inches  of 
which  contains  thin  layers  of  good  coal.  Three  miles  southwest  of 
location  416,  in  the  SW.  i  NE.  J  sec.  36,  T.  19  S.,  R.  8  E.,  at  location 
417  on  the  north  side  of  Ferron  Creek,  coal  "  bloom,"  which  results 
from  the  weathering  of  a  very  thin  bed  (about  half  an  inch)  of  coal, 
is  plentiful.  Southwest  from  this  place  for  18  or  20  miles  the  out- 
crop of  the  Dakota  shows  no  evidence  of  coal,  but  at  location  418, 
in  the  NE.  i  NW.  i  sec.  22,  T.  22  S.,  R.  7  E.,  about  6  miles  southeast 
of  Emery,  a  bed  of  coal  1  foot  6  inches  thick  is  exposed  and  contains 
streaks  of  brown  carbonaceous  ahale.  A  few  hundred  feet  to  the 
southwest  the  following  section  was  obtained: 

SectUm  of  coal  hed  in  the  Dakota  sandstone  at  location  419,  in  the  NB,  i  NW.  i 

see  22,  T.22  8.,  R.  7  E. 

Ft.  In. 

Sandstone,  brown,  shaly,  carbonaceous 6 

Coal,  bright,  weathered ;  Joints  contain  gypsum 9 

Shale,  carbonaceous;  contains  thin  streaks  of  coal—  Si 

Coal,  slightly  bony 61 

Shale,  brown,  carbonaceous 4 

Coal,  bony 1^ 

Shale,  brownish  gray,  carbonaceous 2  6 

Coal  bed 2        i 

Total  coal 1      5 

The  total  amount  of  coal  here  would  warrant  mining  where  fuel 
is  scarce,  yet  it  seems  doubtful  if  this  bed  will  be  utilized  even  as 
a  source  of  domestic  fuel,  because  much  thicker  beds  of  purer  coal  are 
present  a  few  miles  farther  southwest  in  the  Ferron  sandstone  mem- 
ber of  the  Mancos  shale.  The  total  coal  at  location  420,  as  shown  by 
the  following  section,  is  practically  the  same  as  at  location  419 : 

Section  of  coal  bed  in  the  Dakota  sandstone  at  location  ^20,  in  the  NW.  i  NE.  i 

sec.  28,  T.  22  8.,  R.  7  E. 

Ft.     In. 

Conglomerate,  in  places  replaced  by  sandstone 8 

Coal,  much  weathered ;  contains  gypsum  in  joints 8 

Sandstone,  gray,  lenticular,  conglomeratic 3 

Coal,  much  weathered 7 

Coal,  bony,  impure 2 

Shale,  brownish  black,  sandy.  

Coal  bed 2      | 

Total  coat 1      5 


76         GEOLOGY  AND  COAL  BESOUBCES  OP  CASTLE  VALLEY,  UTAH. 

Coal  in  the  Dakota  sandstone  was  also  examined  in  the  S£.  i  SE.4 
sec.  25,  T.  25  S.,  B.  4  E.,  at  location  421,  but  is  of  little  value  here,  as 
elsewhere  in  Castle  Valley. 

Section  of  coal  in  the  Dakota  sandstone  at  location  J^21,  in  the  SE,  I  8E,  i  sec, 

25,  T.  25  8.,  R.  4  E. 

Ft.     In. 

Shale,  brown,  carbonaceous 1      0 

Coal,  apparently  quite  pure 8 

Shale,  brown,  carbonaceous 8 

Sandstone  (?),  i)oorly  exposed « 12      0 

Sandstone,  white 2      6 

Goal,  rusty,  probably  impure 3     . 

Sandstone  and  sandy  shale,  poorly  exposed 12      0 

29      1 

COAL  IN  THE  MESAVERDE  FORMATION. 

Coal  of  Mesaverde  age  is  exposed  in  the  NW.  i  NE.  J  sec.  22,  T.  25 
S.,  E.  4  E.,  at  location  422.  It  was  impossible  to  determine  the  exact 
thickness  of  the  coal,  owing  to  a  fault  that  cuts  the  rocks  a  few  feet 
from  the  exposure  and  has  somewhat  disturbed  the  adjacent  strata. 
The  fault  has  a  vertical  throw  of  about  76  feet,  the  downthrow  being 
on  the  southwest  side.  At  location  422  (see  PL  IX)  12  feet  of  coal 
was  measured  without  exposing  the  base  of  the  bed,  but  it  is  believed 
that  very  little  coal  remained  unexposed  at  this  place.  The  coal  is 
overlain  by  1  foot  of  brown  shale  and  that  by  about  75  feet  of  sand- 
stone and  clay  interbedded.  Although  this  bed  was  not  traced  in 
either  direction  from  location  422,  it  is  believed  to  be  the  only  expo- 
sure of  coal  of  Mesaverde  age  included  in  the  area  shown  in  Plate  X. 

COAL,  IN  THE  MANGOS  SHAUS  NEAR  HENRY  MOUNTAINS. 

A  belt  barren  of  coal,  30  or  40  miles  in  width,  separates  the  Emery 
coal  field  from  the  coal-bearing  rocks  of  the  same  age  in  the  vicinity 
of  the  Henry  Mountains,  to  the  southeast.  The  rocks  exposed  in 
the  intervening  area  belong  to  the  Vermilion  Cliff,  La  Plata,  McElmo, 
and  Dakota  formations.  Gilbert^  states:  "The  best  outcrop  was 
seen  in  the  bank  of  the  south  branch  of  Lewis  Creek  where  it  crosses 
the  upturned  edge  of  the  Blue  Gate  sandstone.  The  seam  has  a 
thickness  of  4  feet  only  and  is  not  well  disposed  for  mining." 

The  writer  in  October,  1911,  while  visiting  on  a  reconnaissance 
trip  to  the  north  end  of  the  Henry  Mountains,  measured  a  flat>lying 
coal  bed  in  Gilbert's  Blue  Gate  sandstone  near  the  center  of  sec.  19, 
T.  31  S.,  R.  10  E.,  about  2^  miles  west  of  the  base  of  Mount  Ellen. 

^  Gilbert,  O.  K.,  Report  on  the  geology  of  the  Heziry  MountalnB,  p.  146,  U.  8.  Oeog.  and 
Geol.  Bunrey  Bodqr  Mtn.  Region,  1877% 
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The  sandstone  in  which  the  coal  occurs  is  believed  to  be  the  same  as 
the  Ferron  sandstone  member  of  the  Mancos  shale,  to  judge  from  its 
stratigraphic  position  and  lithology.  The  section  of  the  coal  bed 
and  associated  rocks  is  given  below : 

Section  of  coal  led  measured  near  center  o*  sec.  19,  T.  SI  S.,  R.  10  E. 

Ft.    in. 

Sandstone,  gray,  soft,  massive ,  15+ 

Sandstone,  yellow  and  somber-colored 2  0 

Coal,  bright 2  1 

Shale,  sandy,  with  a  little  coal 1| 

Coal,  bright,  blocky 7^ 

Bone 3 

Coal,  bright  (no  partings) 6  6 

Sandstone,  gray,  argillaceous 1+ 

Coal  bed 9      7 

Total  coal 9      2\ 

This  coal  is  apparently  a  low-grade  bituminous  coal  and  is  similar 
to  that  in  the  vicinity  of  Emery  described  in  this  report.  The  out- 
crop of  this  bed  was  not  traced,  hence  nothing  definite  can  be  said 
as  to  its  extent. 

Several  other  exposures  of  coal  along  Fremont  River  between  the 
Emery  field  and  the  Henry  Mountains  were  examined.  A  2-foot  bed 
of  coal  crops  out  on  the  north  side  of  Fremont  River  4  or  5  miles 
west  of  Giles.  This  coal  occurs  in  the  upper  part  of  what  Gilbert 
called  the  Tununk  sandstone  or  in  the  lower  part  of  his  Blue  Gate 
shale,  which,  with  but  little  doubt,  corresponds  to  that  part  of 
the  Mancos  shale  lying  beneath  the  Ferron  sandstone  member  in 
Castle  Valley.  Coal  is  also  reported  near  Hanksville,  which  is  near 
the  junction  of  Curtis  and  Fremont  rivers.  Coal  of  good  quality  has 
been  mined  at  "The  Factory,"  a  prominent  topographic  feature 
about  6  miles  north  of  Giles. 

CHABACTEB  OF  THE  COAL. 
PHYSICAL  PROPERTIES. 

The  coal  of  the  Emery  field  is  pitch-black  in  color,  but  here  and 
there  thin  layers  of  grayish-black  bonelike  coal  are  present.  The 
coal  when  rubbed  on  unglazed  porcelain  gives  a  black  streak  and 
when  pulverized  in  a  mortar  gives  a  black  powder  with  possibly  a 
slightly  brownish  tinge.  In  general  the  coal  is  bedded  and  has  a 
bright  vitreous  luster,  but  parts  of  the  same  bed  differ  widely  in 
appearance.  In  places  the  coal  is  distinctly  banded,  showing  thin 
alternating  bright  and  dull  layers,  while  a  few  inches  above  or 
belpw  the  banded  part  the  coal  may  be  massive  and  either  bright  or 
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dull,  and  other  layers  a  few  inches  thick  have  a  dull  luster  and 
resemble  cannel  coal  in  texture.  The  jointing  and  cleavage  of  the 
coal  vary  somewhat,  being  columnar  in  most  places  but  cubical  in 
others.  The  fracture  of  the  coal  is  remarkably  even.  In  texture  it 
ranges  from  laminated  to  dense,  and  in  coherence  it  is  comparatively 
brittle.  The  coal  is  hard  and  when  struck  with  a  hammer  emits  a 
metallic  sound.  When  burned  it  gives  a  bituminous  odor  and  a  short 
yellowish-red  smoky  flame.  The  resulting  ash  is  fine  grained  and 
gray  in  color.  It  is  not  known  definitely  whether  or  not  the  coal 
will  coke,  but  when  the  Pishel^  coking  test  was  applied  it  showed 
slight  coking  qualities.  In  places  where  the  coal  is  somewhat 
weathered,  the  surfaces  of  joints  and  bedding  planes  are  partly  covered 
with  thin  films  of  sulphur  and  alkaline  salts.  Globules  of  resin  are 
present  in  small  amounts.  That  the  coal  has  good  stocking  qualities 
is  inferred  from  the  reports  of  ranchers  and  others  who  use  it  and 
from  the  condition  of  the  walls  of  country  banks  and  prospect  drifts 
that  have  been  exposed  to  weathering  for  many  years. 

CHEMICAL    PROFERTIES. 

Three  samples  for  analysis  were  collected  in  the  Emery  coal 
field  during  the  field  season  of  1911.  Two  of  these  (laboratory  Nos. 
12613  and  12627)  were  taken  from  coal  bed  I.  Sample  12613  was 
collected  from  what  is  locally  known  as  the  Williams  mine,  at 
location  62,  in  the  SE.  J  SW.  i  sec.  12,  T.  22  S.,  R.  6  E.,  on  the 
north  side  of  Muddy  Creek ;  sample  12627  was  taken  at  the  Brown- 
ing mine,  at  location  75,  in  the  NE  J  SW.  J  sec.  33  of  the  same 
township  on  Quitchuppah  Creek.  Taff,  in  1905,  collected  a  sample 
(laboratory  No.  2386,  also  shown  in  table,  p.  80)  from  the  Emery 
mine  (location  181,  in  sec.  2,  T.  23  S.,  R.  6  E.),  which  is  also  on  bed  I. 
The  other  sample  taken  in  1911  (laboratory  No.  12652)  represents 
coal  bed  C  and  was  collected  at  the  Casper  mine,  at  location  29,  in 
the  SE.  J  NW.  J  sec.  26,  T.  22  S.,  R.  6  E.,  on  a  minor  western  tribu- 
tary  of  Muddy  Creek. 

Three  additional  samples  for  analysis  were  collected  during  the 
field  season  of  1912  in  the  part  of  the  coal  field  south  of  Ivie  Creek, 
but  owing  to  the  lack  of  prospecting  these  samples  are  considerably 
weathered.  At  location  197,  in  the  SW.  J  SW.  i  sec.  32,  T.  23  S., 
R.  6  E.,  a  sample  (laboratory  No.  14903)  was  collected  under  a 
sandstone  ledge  at  a  surface  prospect  on  coal  bed  I.  Laboratory 
No.  15061  represents  a  sample  collected  at  location  243,  in  the  SE.  J 
NE.  J  sec  26,  T.  24  S.,  R.  5  E.,  from  a  surface  prospect  on  coal 
bed  A.  In  the  SW.  J  NW.  i  sec.  3,  T.  26  S.,  R.  4  E.,  at  location  409, 
a  sample   (laboratory  No.  15090)   was  collected  from  the  lower  3 

ipishel,  M.  A.,  A  practical  test  for  coking  coals:  Econ.  Geology,  yoI.  3,  pp.  266-275, 
1908. 
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feet  of  coal  in  a  short  prospect  drift  on  bed  A.  As  the  drift  is  only 
about  15  feet  long  and  was  opened  several  years  ago  the  sample  un- 
doubtedly represents  weathered  coal. 

An  effort  was  made  to  obtain  samples  as  nearly  unweathered  as 
possible  by  removing  a  foot  or  more  of  the  surface  of  the  coal.  It 
is  believed,  however,  that  notwithstanding  the  care  taken,  analyses 
12613  and  12652  represent  slightly  weathered  coal.  These  samples 
were  collected  from  mines  in  which  air  could  circulate  freely,  but 
sample  12627,  collected  from  the  Browning  mine,  which  was  closed 
so  that  circulation  of  the  air  was  at  a  minimum,  is  considered  to  be 
practically  unweathered.  An  ultimate  analysis,  which  shows  ac- 
curately tiie  amount  of  each  chemical  element  in  the  coal,  was  made 
of  Sample  12627  in  addition  to  the  proximate  analysis  and  calorific 
determinations.  The  analyses  of  the  other  samples  collected  are 
only  proximate  but  include  calorific  determinations  with  the  ex- 
ception of  No.  2386,  collected  by  Taff  in  1905. 

A  proximate  analysis  is  much  simpler  than  an  ultimate  analysis. 
In  the  former  the  coal  is  treated  in  such  a  way  as  to  determine  the 
amounts  of  moisture,  volatile  matter  (gases),  fixed  carbon,  and  ash. 
Usually  the  amount  of  sulphur  contained  in  the  coal  is  ascertained. 
In  the  ultimate  analysis  the  exact  amounts  of  the  elements  consti- 
tuting the  coal  are  determined.  A  calorific  determination  of  the  coal 
is  usually  made  in  both  kinds  of  analyses  in  order  to  ascertain  its 
heating  value,  which  is. expressed  in  terms  of  calories^  and  British 
thermal  units.' 

In  sampling  a  coal  bed  a  fresh  face  of  the  coal  is  chosen  where 
possible  and  all  surface  impurities  are  removed.  A  channel  is  cut 
perpendicularly  across  the  face  of  the  coal  bed  from  roof  to  floor 
of  such  size  as  to  yield  not  less  than  5  pounds  for  each  foot  of  coal 
in  the  bed.  Partings  more  than  three-eighths  of  an  inch  in  thick- 
ness are  discarded.  An  oilcloth  is  generally  used  to  catch  the  coal 
as  it  falls  from  the  channel  and  to  prevent  moisture  and  impurities 
from  being  mixed  with  the  sample.  The  coal  is  then  pulverized, 
thoroughly  mixed,  quartered,  opposite  quarters  discarded,  and  the 
remainder  remixed.  This  process  is  continued  until  the  sample  is 
reduced  to  about  1  quart,  which  is  sent  in  an  air-tight  can  to  the 
chemical  laboratory  of  the  Bureau  of  Mines  at  Pittsburgh  for 
analysis. 

The  accompanying  table  of  analyses  shows  the  composition  of  all 
the  samples  collected  in  the  field  and  the  heating  value  of  all  except 
one  (No.  2386). 

^A  calorie  is  the  quantity  of  heat  required  to  raise  the  temperature  of  a  gram  of  pure 
water  !•  C.  at  or  about  4*  C. 

SA  British  thermal  unit  (B.  t.  u.)  is  the  quantity  of  heat  required  to  raise  the  tempera- 
ture of  1  pound  of  water  1°  F.  at  or  near  the  temperature  of  maximum  density  (39.1'  F.). 
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12618.  Ck>llected  at  the  buck  end  of  the  WilUams  mine  (location  62,  Pis. 
VIII  and  X),  In  the  SB.  i  SW.  i  sec.  12,  T.  22  S.,  R.  6  R.  The  coal  was  pos- 
sibly slightly  weathered. 

12627.  Browning  mine  (location  75,  Pis.  VIII  and  X),  in  the  NE.  i  SW.  i 
sec.  33,  T.  22  S.,  R.  6  E..  The  sample  was  taken  from  the  lower  12  feet  of  coal 
bed  I,  which  Is  20  feet  thick  at  this  place.  The  sample  probably  represented 
practically  fresh  coal. 

2386.  Collected  by  J.  A.  Taflf*  in  1^)5  from  the  Emery  mine  (Ux^ation  181), 
in  the  NW.  i  SW.  i  sec.  2,  T.  23  S.,  R.  6  E.,  at  the  back  end  of  a  5()-foot  drift 
which  was  inaccessible  in  1911. 

14903.  Surface  prosi)ect  (location  197,  Pis.  VIII  and  X)  in  the  SW.  i  SW.  \ 
sec.  32,  T.  23  S.,  R.  6  E.  This  sample  was  collected  imder  a  sandstone  ledj^e 
which  protected  the  coal  somewhat.  About  2  feet  of  the  outer  coal  was  removeil 
In  order  to  obtain  a  more  nearly  fresh  sample.  It  is  believeil,  however,  that  this 
sample  was  much  weathered. 

12652.  Oasi>er  mine  (location  29,  Pis.  VIII  and  X),  in  the  SE.  i  XW.  i  aev. 
26,  T.  22  S.,  R.  6  E.  The  sample  was  collected  from  the  lower  7  feet  2  inches 
of  the  bed  at  a  point  about  250  feet  northwest  from  the  mouth  of  the  entry. 
The  coal  was  probably  slightly  weathered. 

15061.  Surface  prospect  (location  243,  Pis.  IX  and  X)  in  the  SE.  i  NE.  i 
sec.  26,  T.  24  S.,  R.  5  E.  The  sample  was  collected  from  the  lower  11  fevt  3 
Inches  of  the  l>ed,  excluding  the  3-inch  bone  parting  about  2  feet  9  inches  above 
the  base  of  the  coal.  The  coal  at  this  place  if  imweathere<l  would  probably 
compare  favorably  in  calorific  value  with  laboratory  No.  12627. 

15090.  Prosi)ect  (location  409,  Pis.  IX  and  X)  in  the  SW.  1  NW.  i  sec.  3,  T. 
26,  S.,  R.  4  E.  The  sarai)le  was  collectetl  at  the  back  end  of  a  15-foot  drift  from 
the  lower  3-f(K>t  bench  of  coal.  The  analysis  shows  that  it  is  much  weathere<l 
and  contains  an  excess  of  moisture. 

In  the  table  the  analyses  are  given  in  four  forms,  marked  A,  B, 
C,  and  D.  Analysis  A  represents  the  composition  of  the  sample  as 
it  came  from  the  mine.  This  form  is  not  well  suited  for  compari- 
sons, for  the  amount  of  moisture  in  the  sample  as  it  comes  from  the 
mine  is  largely  a  matter  of  accident  and  consequently  analyses  of  the 
same  coal  expressed  in  this  form  may  vary  widely.  Analyses  B  rep- 
resents the  condition  of  the  sample  after  it  has  been  dried  at  a 
temperature  slightly  above  normal  room  temperature  until  its  weight 
becomes  constant.  This  form  of  anal^'^sis  is  best  adapted  for  general 
purposes  of  comparison.  Analysis  C  represents  the  theoretical  con- 
dition of  the  coal  after  all  the  moisture  has  been  eliminated.  Analv- 
sis  D  represents  the  coal  after  all  moisture  and  ash  have  been  theo- 
retically removed.  This  is  supposed  to  represent  the  true  coal 
substance  free  from  the  most  important  impurities.  Forms  C  and 
D  are  obtained  from  the  others  by  recalculation. 

In  the  analytical  work  it  is  not  possible  to  determine  the  proximate 
constituents  of  coal  or  lignite  with  the  same  degree  of  accuracy  as 
the  ultimate  constituents.  Therefore  the  air-drying  loss,  moisture, 
volatile  matter,  fixed  carbon,  and  ash  are  given  to  one  decimal  place 

1  Taff,  .T.  A.,  Book  Cliffs  coal  field,  Utah,  west  of  Green  River :  U.  S.  Oeol.  Survey  BuM. 
285.  pp.  294.  301.  1906. 

21246**— Bull.  628—16 6 
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sample  (laboraton-  No.  12613)  taken  at  the  back  end  of  the  entry 
(location  62)  shows  a  heating  value  of  12,100  British  thermal  units 
on  the  air-dried  basis.  Probably  600  or  700  short  tons  of  coal  has 
been  removed  from  this  mine.  The  mouth  of  the  mine  is  shown  in 
Plate  XI,  A. 

CA8PEK  lOHE. 

One  of  the  oldest  mines  in  this  field,  known  locally  as  the  Casper 
mine,  is  on  coal  bed  C  on  a  tributary  of  Muddy  Creek  in  the  SE.  ] 
NW.  i  sec.  26,  T.  22  S.,  R.  6  E.  (location  29,  PI.  X),  about  4  miles 
southeast  of  Emery.  The  coal  bed  at  this  place  strikes  N.  6®  or  6° 
E.  and  dips  about  2°  W.  Those  mining  coal  here  have  left  pillars 
here  and  there  between  great  irregular  cavelike  rooms,  some  of 
which  are  large  enough  for  a  team  and  wagon  to  turn  in  them.  It 
has  been  the  custom  to  load  the  wagons  in  the  mine  at  the  faces  of 
the  entry  and  rooms,  thus  avoiding  any  mine  haul  and  the  construc- 
tion of  a  loading  tipple.  Owing  to  the  irregular  shape  of  the  mine 
cavity,  it  is  difficult  to  estimate  the  amount  of  coal  removed,  but  it 
is  believed  that  1,000  to  2,000  tons  has  been  taken  from  the  Casper 
mine.  A  sample  (laboratory  No.  12652),  which  shows  11,480  Brit- 
ish thermal  units  on  the  air-dried  basis,  was  collected  at  a  point 
about  250  feet  northwest  of  the  mine  mouth.  The  coal  bed  has  a 
good  sandstone  roof  and  requires  very  little  support.  Plate  XI,  /?, 
shows  the  conditions  at  the  mouth  of  the  Casper  mine. 


The  Emery  mine  (location  181,  PI.  X),  in  the  NW.  i  SW.  i  sec 
2,  T.  23  S.,  R.  6  E.,  was  inaccessible  in  1911  on  account  of  caving. 
Some  coal  is  mined  from  the  same  bed  (bed  I)  at  a  surface  exposure 
near  the  head  of  a  small  ravine  directly  south  of  the  mouth  of  the  old 
mine.  Two  entries  have  been  driven — one  20-f  feet  and  the  other  50+ 
feet  long.  Taff,*  who  collected  a  sample  from  this  "country  bank^' 
in  1905,  states:  "  A  drift  has  been  driven  50  feet  on  the  coal  and  two 
rooms  have  been  turned.''  The  analysis  (laboratory  No.  2386)  made 
from  the  sample  collected  by  Taff  at  this  place  is  republished  in  the  table 
«f  analyses  on  page  80  in  order  that  all  analyses  made  from  coals 
in  the  Emery  coal  field  may  appear  together.  It  is  estimated  that 
at  least  1,000  tons  of  coal  has  been  removed  from  the  Emery  mine. 

BSOWKIKG  HIKE. 

In  1881  Philip  Pugsley  opened  a  prospect  on  the  outcrop  of  coal 
]>ed  I  in  the  NE.  i  SW.  {sec.  33,  T.  22  S.,  R.  6  E.  (location  75,  PI.  X) 
on  the  east  side  of  Quitchuppah  Creek  and  directly  south  of  the 
mouth   of   Dipping   Vat   Creek.     This   mine,   which   supplies   the 

»  Taff,  J.  A..  Book  ClIffM  nml  field.  TTtnh.  west  of  Grwn  Klvcr :  V.  S.  Geol.  Survey  BuU, 


A.     WILLIAMS  MINE,  ON  COAL  BED  I,  ABOUT  ]  MILES  EAST  OF  EMERY. 


B.    CASPER  MINE,  ON  COAL  BED  C,  ABOUT  4  MILES  SOUTHEAST  OF  EWERY. 
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greater  part  of  the  fuel  for  the  town  of  Emery  and  the  ranchers 
living  near  by,  is  known  locally  as  the  Browning  mine  because  it 
is  under  the  management  of  Ira  R.  Browning,  of  Castledale.  The 
coal  bed  at  this  place  is  20  feet  thick,  as  shown  by  section  75  (PI. 
VIII).  The  entry  bears  N.  85°  E.  for  a  distance  of  165  feet.  One 
room,  about  40  feet  in  length,  has  been  turned  to  the  north  at  a  point 
about  90  feet  from  the  mine  mouth.  In  mining,  only  the  lower  12 
feet  of  coal  is  removed,  the  upper  part  of  the  bed  serving  as  a 
roof  that  requires  no  support.  The  coal  is  brought  to  the  surface 
by  means  of  a  small  car  on  a  steel  track.  The  surface  equipment 
consists  of  wagon  scales,  a  substantial  coal  bin,  and  a  dwelling 
house  for  the  use  of  the  miners.  During  the  winter  of  1910-11 
about  450  tons  of  coal  was  sold  at  the  mine  at  $1.50  a  ton.  The  total 
amount  of  coal  removed  is  probably  not  less  than  2,000  short  tons. 
A  sample  (laboratory  No.  12627)  was  taken  from  the  lower  12  feet 
of  the  bed  at  the  back  end  of  the  entry.  This  analysis  shows  that 
the  coal  on  the  air-dried  basis  yields  13,000  British  thermal  units. 

OTHSB  DBIFTS. 

In  the  NW.  i  NE.  i  sec.  33,  T.  22  S.,  R.  6  E.,  on  the  north  side 
of  Dipping  Vat  Creek,  a  tributary  of  Quitchuppah  Creek,  there  is 
an  abandoned  drift  on  coal  bed  I.  The  total  thickness  of  the  coal 
could  not  be  measured  on  account  of  caving  and  the  presence  of 
water.  The  drift  is  20  to  30  feet  long  and  the  coal  apparently 
equals  in  quality  and  thickness  that  exposed  in  the  Browning  mino. 
The  strata  dip  more  steeply  at  this  place  than  at  the  Browning 
mine.    It  is  estimated  that  at  least  200  tons  of  coal  has  been  removed. 

A  prospect  drift  (location  16,  PI.  X)  on  coal  bed  A,  in  the  SW.  J 
SE.  i  sec.  33,  T.  22  S.,  R.  6  E.,  on  the  north  side  of  Quitchuppah 
Creek,  bears  nearly  north  and  is  about  50  feet  long.  Probably  not 
more  than  30  or  40  tons  of  coal  has  been  taken  from  this  prospect. 

On  the  east  side  of  Quitchuppah  Creek,  in  the  NE.  i  NE.  J  sec. 
4,  T.  23  S.,  R.  6  E.,  75  or  100  feet  above  the  stream  level,  another 
prospect,  probably  on  coal  bed  A,  was  noted  but  not  visited  by  the 
writer.  There  is  also  a  small  surface  prospect  on  coal  bed  I  (loca- 
tion 87,  PI.  X)  in  the  NE.  i  NW.  i  sec.  19,  T.  22  S.,  R.  7  E.  A 
small  prospect  drift,  about  15  feet  long,  in  the  SW.  J  NW.  i  sec. 
3,  T.  26  S.,  R.  4  E.,  at  location  409,  exposes  6  feet  4  inches  of  coal 
in  two  beds.  The  entry  is  about  3  feet  8  inches  in  width  and  aver- 
ages 4  feet  in  height,  except  at  the  back  end,  where  a  hole  has  been 
dug  exposing  the  lower  bed,  of  which  the  lower  3-foot  bench  of 
coal  was  sampled  and  is  represented  by  laboratory  No.  15090. 

Coal  has  been  mined  at  several  places  in  the  Emery  field  from  sur- 
face exposures,  but  the  total  production  of  coal  from  the  field  prob- 
ably does  not  exceed  6,000  short  tons. 
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TRANSPORTATION  ROUTES. 

Two  railroad  routes  have  been  surveyed  into  this  coal  field,  one 
from  the  west  and  the  other  from  the  northeast.  The  former  is  con- 
sidered to  be  the  best  by  the  company  that  controls  the  greater  amount 
of  coal  land  in  this  area,  which  is  in  the  vicinity  of  Ivie  and  Quit- 
chuppah  creeks.  Already  about  20  miles  of  railroad,  which  is  now 
in  poor  condition  owing  to  floods,  has  been  constructed  eastward  up 
Salina  Canyon  from  Salina,  which  is  on  the  Denver  &  Rio  Grande 
Eailroad.  The  additional  construction  of  about  30  miles  of  railroad 
with  a  comparatively  low  grade  would  connect  the  heart  of  the  coal 
field  with  the  eastern  terminus  of  the  Salina  Canyon  branch.  Such 
a  route  would  furnish  a  more  direct  outlet  to  the  Pacific  coast  than 
the  route  surveyed  to  the  northeast  through  Castle  Valley,  joining  the 
main  line  of  the  Denver  &  Bio  Grande  Railroad  at  Price  or  Welling- 
ton, and,  in  addition,  would  be  equally  direct  to  the  Salt  Lake  City 
region.  If  the  northeastern  route  is  chosen,  about  70  miles  of  railroad 
must  be  built  over  a  country  that  presents  practically  as  great  diffi- 
culties mile  for  mile  as  must  be  surmounted  on  the  western  route, 
where  only  30  miles  is  required.  The  Castle  Valley  Railroad  has 
constructed  a  spur  from  Price  as  far  southwest  as  Mohrland,  in 
T.  16  S.,  R.  8  E.,  but  only  a  small  portion  of  this  road  could  be  used 
to  advantage,  as  it  is  situated  mainly  high  in  the  foothills  adjacent  to 
the  Wasatch  Plateau. 

TONNAGE. 

A  careful  estimate  was  made  of  the  coal  in  the'Emery  coal  field. 
It  is  assumed  in  calculating  the  tonnage  that  each  acre  of  land 
underlain  by  a  coal  bed  1  foot  thick  (1  acre-foot)  contains  1,800  tons. 
In  the  table  given  below  two  columns  of  figures  are  shown.  The  one 
on  the  left  gives  the  estimated  tonnage ;  the  one  on  the  right  shows 
approximately  the  amount  of  coal  that  can  be  recovered,  on  the  asr 
sumption  that  only  1,000  tons  of  coal  can  be  mined  from  each  acre- 
foot.  By  careful  mining,  however,  much  more  than  this  amount  may 
be  recovered. 

Eatirnated  quaniiiy  of  coal  in  Emery  coal  field,  Utah. 


To^v•nshlp. 


Total  ooAl. 


T.21S., 
T.218., 
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T.22  8., 
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U.5E.... 
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INTRODUCTION. 


By  David  White,  Chief  Oeologist. 


The  citizens  of  Dallas  and  Fort  Worth,  numbering  about  210,000, 
owe  their  prosperity  in  no  inconsiderable  degree  to  the  supply  of 
natural  gas  which,  during  the  last  6  years,  has  contributed  materially 
to  their  household  comfort  and  industrial  advantage.  Dallas  and 
Fort  Worth  utilize,  for  heat  and  power,  natural  gas  piped  from  the 
Petrolia  gas  field,  near  Bed  Bi ver,  in  northern  Clay  County,  about  105 
miles  northwest  of  Fort  Worth.  The  gas  is  brought  to  the  city  limits 
by  a  producing  company  and  is  distributed  within  the  cities  by  local 
organizations. 

Confronted  by  questions  as  to  the  sufficiency  and  the  prospective 
duration  of  the  gas  reserves,  in  view  of  the  rapid  increase  in  gas 
consumption,  the  mayors  and  city  governmental  commissions  of  these 
cities,  in  order  to  promote  the  welfare  of  the  citizens,  began  inquiries 
as  to  the  extent  of  the  present  source  of  supply  and  as  to  the  existence 
of  other  sources  within  reach  of  these  cities.  The  information  sought 
should  be  available  for  their  guidance  in  determining  just  and  reason- 
able rates  to  be  fixed  in  future  franchises.  In  accordance  with  this 
purpose,  the  United  States  Geological  Survey  was,  on  the  initiative 
of  Mayor  Henry  D.  Lindsley  and  the  city  of  Dallas,  requested  to  in- 
vestigate the  gas  resources  of  the  region  tributary  to  that  city.  Favor- 
able consideration  being  given  by  the  Director  of  the  Geological  Sur- 
vey to  the  request  for  a  service  so  distinctly  public,  a  conference  of 
the  city  officials  and  the  chief  geologist  of  the  Survey  was  held  at 
Dallas,  September  7,  1915,  in  which  Mayor  E,  T.,  Tyra  and  other 
representatives  of  the  governing  muncipal  commission  of  Foirt  Worth 
participated. 

At  this  conference  it  was  arranged  that  the  Geological  Survey 
should  make  an  investigation  of  the  gas  resources  of  the  Petrolia 
field,  in  Clay  County ;  of  the  Mexia  field,  in  Limestone  County,  the 
utilization  of  which  by  these  cities  had  been  under  local  discussion; 
and  of  such  other  areas  within  reach  of  the  two  cities  as  might  possi- 
bly contribute,  on  a  successful  commercial  scale,  to  meet  adequately 
the  eventual  demands  for  natural  gas.  The  two  cities  jointly  pledged 
the  greater  part  of  the  cost  of  the  field  examinations,  thus  making 

7 


'^1 


8  GAS  BESOURCES  OF  PABTS  OF  NORTH  TEXAS. 

the  investigation  cooperative.  The  Survey  undertook  to  investigate 
the  resources  of  the  gas  fields  mentioned  and  to  examine  the  geologic 
structure,  as  far  as  it  affects  oil  and  gas,  of  so  much  of  the  area 
tributary  to  Dallas  and  Fort  Worth  as  might  be  surveyed  with  the 
funds  allotted  and  within  the  time  available  before  January  1, 1916, 
when  the  conclusions  of  the  geologists  were  to  be  communicated 
simultaneously  to  the  mayors  and  to  the  public,  according  to  the 
Survey's  usage.  Geologists  G.  C.  Matson  and  E.  W.  Shaw  were 
assigned  to  the  investigation  of  the  regions  southeast  and  northwest, 
respectively,  of  Fort  Worth,  and  within  a  few  days  after  the  confer- 
ence geologic  examinations  were  begun  by  Mr.  Matson  in  the  Mexia 
field  and  Mr.  Shaw  in  the  Petrolia  field. 

Besides  the  detailed  studies  of  the  geologic  structure  and  gas 
resources  of  the  two  principal  gas  fields  already  discovered  in  the 
zone  tributary  to  the  cities,  reconnaissances  were  made  of  several 
counties  and  local  structural  studies  were  made  at  a  number  of  points 
where  either  gas  had  been  reported  or  the  surface  indications  or 
geologic  structure  were  foxmd,  in  the  course  of  the  reconnaissances, 
to  be  favorable  to  the  occurrence  of  pools  of  oil  or  gas.  Such  local 
studies  were  made  along  Wichita  River  and  near  Henrietta,  in  Clay 
County ;  near  Benbrook,  in  western  Tarrant  County ;  and  both  north 
and  south  of  the  Mexia-Groesbeck  gas  field,  at  Wortham,  Currie. 
Mabank,  and  Cash,  along  the  general  trend  of  the  axis  of  the  anti- 
cline. The  geographical  relations  of  the  regions  studied  in  detail 
are  shown  on  figure  1,  which  shows  also  the  areas  covered  by  previous 
reports. 

After  the  return  of  Messrs.  Matson  and  Shaw  to  Washington,  in 
November,  for  the  purpose  of  compiling  their  field  data  and  prepar- 
ing their  reports,  field  examinations  were  continued  by  Heath  M. 
Robinson,  assisted  by  C.  W.  Hammen,  in  the  vicinity  of  Strawn  and 
Weatherf ord.  At  the  same  time  a  structural  survey  of  the  Corsicana 
field  was  made  by  O.  B.  Hopkins.  Time  is  not  available  for  the  in- 
clusion in  the  present  report  of  the  detailed  description,  with  structure 
maps,  of  any  of  these  areas,  but  a  map  and  short  description  of  the 
Strawn  field  are  given. 

Meanwhile,  in  order  better  to  advise  the  cities  as  to  the  possibilities 
of  augmenting  the  city  supplies,  if  the  need  should  arise,  by  gas 
drawn  from  the  southern  border  zone  of  the  east-central  Oklahoma 
oil  and  gas  region,  the  examinations  of  1914  in  the  Loco  and  Duncan  ^ 
gas  pools  were  supplemented  by  brief  field  inspections  and  some 
local  studies  by  C.  H.  Wegemann  of  the  gas  developments  resulting 
from  recent  drilling  south  of  Muskogee  and  westward  to  and  beyond 

*  Wegemann,  C.  H.,  The  Loco  gas  field :  U.  S.  Geol.  Survey  Bull.  621,  pp.  31-42,  1915. 
The  Duncan  gas  field :  U.  8.  Geol.  Survey  Bull.  621,  pp.  43-50,  1915. 
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Ada.  The  importance  of  the  developments,  the  distribution  of  the 
gas  wells,  the  probable  life  of  the  wells,  and  the  probabilities  of 
further  discoveries  of  gas  in  large  quantities  in  this  zone  are  discussed 
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in  the  notes  by  Mr.  Wegemann.    A  detailed  report  by  him  covering 
parts  of  the  area  will  be  published  later. 

In  undertaking  this  investigation,  the  Survey  has  endeavored  to 
answer  the  following  questions: 
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How  much  gas  are  the  developed  fields  within  reach  of  Dallas  and 
Fort  Worth  capable  of  producing  now  ? 

How  much  gas  remains  in  the  developed  pools  and  how  long  will 
this  gas  last,  if  marketed  at  an  estimated  rate? 

Is  it  likely  that  the  area  of  any  or  all  of  the  fields  will  be  increased  ? 

Is  it  likely  that  new  producing  sands  will  be  found  in  any  of  the 
fields? 

What  quantity  of  gas,  within  broad  limits,  is  likely  to  become 
available  through  enlargement  of  existing  fields? 

Are  new  fields  likely  to  be  discovered;  and  if  so,  where? 

The  conclusions  offered  in  reply  to  each  of  these  questions  repre- 
sent the  experience  and  judgment  of  the  geologists  in  charge  of  the 
work  and  are  based  upon  such  local  studies  and  information  as  could 
be  gained  within  the  time  allotted.  However,  the  answer  to  the  last 
question,  which  is  destined  ultimately  to  become  first  in  importance,  is 
only  partial,  notwithstanding  the  efforts  still  in  progress  at  the  time 
of  writing  this  report.  If  Petrolia  be  taken  as  marking  the  maximum 
distance  (which  it  does  not)  within  which  natural  gas  can  be  re- 
garded as  tributary  to  Dallas,  the  area  lying  within  that  radius  will 
include  the  whole  of  about  35  counties  and  the  greater  part  of  6  or  7 
others.  The  impossibility  of  covering  all  this  area  with  detailed 
structural  examinations  under  the  conditions  as  to  time  and  money 
controlling  the  present  investigation  is  obvious.  To  cover  even  one- 
fourth  of  this  region  within  a  single  year  would  require  far  more  than 
all  the  funds  which  the  Geological  Survey  has  available  for  such 
investigations.  Nevertheless,  the  fact  is  most  regrettable;  for  it  is 
highly  probable,  if  not  certain,  that  vidthin  this  zone,  especially  within 
its  western  half,  there  will  eventually  be  found  pools  of  both  gas  and 
oil,  some  of  which  may  possibly  be  as  productive  as  the  Petrolia  and 
Corsicana  fields.  The  value  of  such  examinations  and  structural 
studies  can  not  be  questioned,  for,  though  it  must  always  be  borne  in 
mind  that  only  the  drill  can  determine  with  certainty  the  location  of 
oil  and  gas  pools,  the  geologist,  by  making  structural  surveys,  can 
not  only  render  invaluable  aid  in  finding  the  pools  but  can  also 
reduce,  with  still  greater  economic  benefits,  the  losses  incurred  in 
drilling  dry  holes. 

The  Survey's  examination  of  the  gas  resources  contributory  to 
Fort  Worth  and  Dallas  is  purely  geological,  dealing  exclusively  with 
the  structure  of  the  areas,  the  amounts  of  gas  already  produced,  the 
probable  amounts  still  reserved  in  the  old  fields,  and  the  probabilities 
of  discovering  new  pools  sufficient  to  maintain  an  adequate  supply 
of  gas  for  these  cities  for  the  next  decade  or  more.  Questions  con- 
cerning drilling,  field  equipment,  repairs,  transportation,  marketing, 
amortization,  and  like  matters  are  left  to  the  mining  and  other  engi- 


INTRODUCTION.  11 

neers  and  the  business  experts,  and  so  also  is  the  serious  question  of 
the  effect  on  supplies  and  prices  that  may  be  caused  by  the  competi- 
tion of  Wichita  Falls,  Waco,  Dennison,  Gainesville,  Sherman,  and 
other  cities  that  may,  by  reason  of  moi'e  favorable  geographic 
position  or  by  bidding  higher,  take  to  themselves  a  part  of  the  reserve 
here  counted  as  contributory  to  Dallas  and  Fort  Worth. 

Although  the  subject  of  this  study  touches  a  matter  in  which  there 
is  local  conflict  of  views,  if  not  of  interests,  the  Survey  is  concerned 
only  with  the  problem  of  ascertaining  the  adequacy  of  the  gas 
resources,  both  developed  and  undeveloped,  in  the  tributary  region. 

The  thanks  of  the  Survey  are  due  to  the  gas  companies  and  to  all 
parties  interested  for  cordial  and  generous  submission  of  data  for  use 
in  this  investigation,  which,  so  far  as  it  assists  in  ascertaining  the 
extent  of  the  gas  deposits  already  found  or  in  discovering  new  oil 
or  gas  reserves,  will  be  of  value  to  all.  In  Dallas  and  Fort  Worth 
and  their  immediate  vicinity  the  city  officials  and  also  Hon.  H.  W. 
Smnners,  State  Senator  Bowser,  and  R.  H.  Dearing  &  Sons  con- 
tributed or  put  the  geologists  in  touch  with  those  who  could  con- 
tribute many  data  concerning  wells  and  outcrops.  Mr.  J.  W. 
Culbertson,  of  the  Wichita  Gas  Co.,  in  the  northern  area,  was 
generous  in  furnishing  information  concerning  the  Petrolia  field, 
and  Mr.  W.  P.  Gage,  vice  president  and  general  manager  of  the 
Lone  Star  Gas  Co.,  has  courteously  contributed  not  only  logs  of 
wells  but  records  of  pressures  and  production.  Mr.  H.  L.  Sturm, 
Oil  Co.,  and  many  others  assisted  in  collecting  well  logs  and  other 
Mr.  L.  B.  Hammond,  Messrs.  Bean  and  Gohlke,  of  the  Developers 
data.  Special  acknowledgment  is  due  to  Mr.  W.  E.  Wrather,  an 
authority  on  the  geology  of  many  counties  in  north  Texas  and 
long  a  student  of  oil  and  gas  problems,  who  has  rendereiPdnstinted 
assistance  in  the  study  of  the  northwestern  part  of  the  area. 

For  assistance  in  the  work  in  the  southern  half  of  the  area  exam- 
ined the  Survey,  through  Mr.  Matson,  is  especially  indebted  to  a 
large  number  of  citizens  who  have  in  many  ways  given  generous 
assistance  and  information.  Among  those  to  whom  special  acknowl- 
edgments are  due  are  Hon.  T.  F.  Smith,  President  Wilder,  of  the 
Little  Giant  Oil  &  Gas  Co. ;  President  Nussbaum  and  Superintendent 
Anderson,  of  the  Mexia  Oil  &  Gas  Co. ;  Superintendent  Faulkner  and 
Local  Manager  Whitehill,  of  the  Corsicana  Petroleum  Co. ;  Mr.  F.  G. 
Clapp,  manager  of  the  Associated  Geological  Engineers ;  Mr.  N.  E. 
Ritchie,  manager  of  the  Pleasants  Gas  Ca ;  and  Messrs.  Blake  Smith, 
J.  T.  Leech,  T.  Bennett,  and  Robert  Jones,  of  Mexia,  Tex. ;  Mr.  C.  Y. 
Welles,  of  Tulsa,  Okla.;  and  Mr.  C.  L.  Witherspoon,  of  Corsicana, 
Tex. 
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In  estimating  the  quantity  of  gas,  not  only  in  partly  developed 
but  in  newly  discovered  fields,  the  geologists  were  guided  by  no 
precedents  known  to  them,  but  each,  independently  of  the  other, 
devised  the  same  method  of  computation.  It  now  appears,  however, 
that  a  similar  method  had  been  used  by  W.  H.  Hammen  and  F.  H. 
Olyphant  and  hjid  been  described  by  Dorsey  Hager.*  Naturally 
any  estimate  .of  undeveloped  territory  must  start  with  the  study  of 
the  underground  structure  considered  with  reference  to  the  occur- 
rence of  gas,  oil,  and  salt  water,  and  with  the  mapping,  according 
to  the  best  geologic  information,  of  areas  that  are  probably  gas- 
producing.  Starting  with  this  primary  basis,  Messrs.  Matson  and 
Shaw  independently  worked  out  the  plan  of  utilizing  for  the  calcu- 
lation of  the  extent  of  a  gas  pool  the  geologist's  determinations  of 
the  average  thickness  of  the  gas-bearing  sand,  the  average  percent- 
age of  pore  space  in  the  sands,  and  the  pressures  of  the  gas  in  the 
rocks.  The  results  attained  are  necessarily  only  approximate,  and 
factors  that  affect  them  are  discussed  by  Messrs.  Matson  and  Shaw 
in  their  respective  papers. 

The  detailed  conclusions  reached  by  the  geologists,  together  with 
the  discussion  of  the  geologic  and  economic  facts,  will  be  found  in 
their  reports.  Great  credit  is  due  to  both  geologists  for  the  extent 
and  value  of  the  results  they  have  accomplished  under  conditions 
that  made  the  preparation  of  reports,  within  a  period  all  too  short, 
especially  trying. 

The  answers  to  the  questions  as  to  the  extent  of  the  reserves  of 
natural  gas  in  north  Texas,  so  far  as  they  are  answered  in  these  re- 
ports, may  be  summarized  as  follows: 

1.  The  Petrolia  field,  according  to  Mr.  Shaw's  calculations,  is  about 
40  per  cAl  exhausted  and  now  contains  70  billion  cubic  feet  of  gas. 
Although  the  closed  pressures  of  the  wells  have  declined  more  than 
half  in  the  producing  area,  the  field  can  for  a  time  furnish  a  much 
larger  monthly  and  somewhat  larger  daily  output  than  the  maximum 
it  has  heretofore  been  called  upon  to  furnish.  Any  increase  of  out- 
put, of  course,  will  correspondingly  shorten  the  life  of  the  pool. 
Taking  into  account  all  the  factors  discussed  by  Mr.  Shaw,  the  gas 
reserve  in  this  field  is  sufficient  to  meet  the  normal  demands  of  the 
cities  for  three  to  five  years  longer,  though  shortages  in  cold  weather 
will  probably  be  felt  much  sooner.  After  this  period  the  supply,  if 
divided  among  all  the  towns  draw^ing  on  this  field,  is  likely  to  prove 
insufficient  in  winter,  even  though  the  field  is  thoroughly  drilled  and 
pumped  to  th#limit  of  its  capacity. 

2.  The  Mexia-Groesbeck  gas  field,  which  has  been  looked  upon 
with  the  greatest  interest  as  a  possible  source  of  supply  for  Dallas 

1  Hager,  Dorsoy,  Nntural  jfas — its  oocurpence  and  properties :  Eng.  and  MIn.  Jonr.,  vol. 
100,  No.  24,  pp.  051)-9rtl,  I>ec.  II.  1915. 
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and  Fort  Worth,  is  stated,  after  a  thorough  and  careful  study  by  Mr. 
Matson,  to  have  an  open-flow  capacity  of  220  million  cubic  feet  a  day 
at  the  present  time.  Mr.  Matson  concludes  that,  after  most  unfor- 
tunate waste  and  coincident  damage  to  this  field,  there  remain  31 
billion  cubic  feet  of  gas  (equal  in  heating  value  to  43  billion  cubic 
feet  of  Petrolia  gas),  of  which  over  95  per  cent  may  probably  be 
extracted  before  the  closed  pressure  is  reduced  to  15  pounds  per 
square  inch.  The  stage  of  development  and  the  gas  pressure  in 
this  field  are  sufficient  to  supply  Dallas  and  Fort  Worth,  in  addition 
to  the  five  towns,  including  Waco  and  Corsieana,  to  which  gas  is  now 
taken  from  the  area,  and  the  quantity  is  probably  sufficient  to  meet 
the  total  normal  demand  of  all  these  cities  for  about  3  years  provided 
means  can  be  found  to  check  the  present  waste,  the  exact  length  of 
period  being  dependent  in  turn  on  economy  of  marketing,  prices, 
and  rates  of  consmnption.  Therefore,  the  practicability  of  utilizing 
Mexia-Groesbeck  gas  in  Dallas  and  Fort  Worth  is  an  engineering 
and  economic  problem  in  which  the  cost  to  the  consumers  may  be 
a  fleeted  by  competition  between  cities. 

3.  The  smaller  gas  pools  of  the  region  tributary  to  Fort  Worth 
and  Dallas,  so  far  as  they  have  been  developed  or  explored,  are  in- 
dividually insufficient  to  supply  these  cities  for  any  considerable 
time.  None  appear  to  be  comparable  to  the  two  principal  fields  al- 
ready mentioned,  but  combined  they  are  capable  of  furnishing  a  large 
though  at  present  indeterminable  accession.  The  practicability  of  as- 
sembling the  output  from  these  minor  scattered  fields  and  conducting 
it  to  the  two  large  cities  is  mainly  dependent  on  equipment  costs  and 
selling  prices  and  remains  for  the  consideration  of  the  engineer. 
Some  of  these  lesser  pools  lie  much  nearer  than  the  Mexia-Groesbeck 
and  the  Petrolia  fields  to  these,  cities.  If  the  gas  in  the  better  of 
them  can  be  conserved  it  will  eventually  find  a  profitable  market. 

4.  Besides  the  scattered  oil  and  gas  seeps  in  the  area  and  the  favor- 
able local  structures  discovered  by  the  geologists  in  the  relatively 
small  portions  of  the  tributary  zone  they  were  able  to  examine 
thoroughly  during  the  time  available,  there  are  in  this  zone  undoubt- 
edly many  other  areas  beneath  which  the  geologic  structure  is  fav- 
orable. Not  all  of  these  areas  by  any  means  will  be  productive,  but 
some  may  include  gas  or  oil  pools  as  valuable  as  the  Mexia-Groesbeck, 
the  Corsieana,  and  the  Petrolia.  Some  of  the  favorable  structures 
will  contain  oil,  others  gas,  but  more  will  yield  both  oil  and  gas. 

5.  Near  the  southern  border  of  the  Oklahoma  oil  fields,  accord- 
ing to  preliminary  examinations  made  by  Mr.  Wegemann,  gas  occurs 
in  amounts  sufficient  to  furnish  a  supply  for  Dallas  and  Forth  Worth 
for  rf  considerable  period,  though  the  number  of  years  can  not  at  pres- 
ent be  closely  calculated.  Gas  pools  of  magnitude,  as  well  as  many 
very  highly  productive  scattered  wells,  have  already  been  discovered, 
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and  the  progress  of  development  is  constantly  increasing  the  amount 
of  gas  in  sight,  for  which  there  appears  to  be  no  present  market. 
Further,  it  is  probable  that  gas  deposits  of  commercial  value  will 
later  be  found  at  other  points  in  this  region.  The  utilization  of  this 
gas  at  the  present  time,  in  amounts  large  enough  wholly  to  supply 
these  cities,  would  probably  require  branch  lines  to  rather  distant 
pools,  and  these,  together  with  a  long  carry  to  delivery — ^about  twice 
the  distance  from  Petrolia  to  Fort  Worth — are  important  factors  in 
the  problem  of  present  commercial  practicability.  It  must,  how- 
ever, be  borne  in  mind  that,  should  the  need  arise,  here  is  to  be  found 
a  supply  that,  in  spite  of  its  remoteness,  is  geographically  tributary 
to  these  cities  and  will  probably  be  needed  later  by  them  imless  mean- 
while exploration  is  vigorously  prosecuted  and  new  pools  thereby 
found  in  the  nearer  zone  in  Texas. 

The  cities  of  north  Texas  are  fortunate  in  having  within  reach  gas 
supplies  so  abundant  as  to  add  materially  to  the  comfort  and  pros- 
perity of  their  citizens  and  still  more  fortunate  in  their  prospects  of 
developing  from  time  to  time  new  supplies  in  regions  relatively  close 
at  hand.  Nevertheless  it  is  a  public  duty  that  may  not  transgress  the 
propriety  of  a  geological  report  to  urge  that  a  lesson  be  learned  from 
the  history  of  other  cities  which  have  had  like  resources  of  natural 
gas,  namely,  the  lesson  of  conserving  and  husbanding  this  so  ephem- 
eral gift  of  nature  for  the  higher  service  of  the  household  rather 
than  spending  it  too  freely  in  industrial  promotion. 

Too  high  praise  can  not  be  found  for  the  wisdom  and  progressive 
spirit  shown  by  the  mayors  and  city  commissions  of  Dallas  and  Fort 
Worth  in  arranging  for  this  investigation  of  the  gas  resources  tribu- 
tary to  their  cities.  The  wisdom  of  their  action  is  in  contrast  with 
the  records  of  extravagance,  waste,  and  ultimate  disappointment  of 
some  cities  which  for  a  time  have  enjoyed  a  cheap  natural  gas  supply. 
These  investigations,  provided  by  the  Texas  cities,  may  guide  not 
only  to  the  fullest  and  best  use  of  the  discovered  resources,  but  also, 
in  particular,  to  the  probable  discovery  and  development  of  new  re- 
serves which  will  bring  benefits  to  the  cities  that  wiU  be  realized  more 
and  more  in  years  to  come. 


GAS  IN  THE  AREA  NORTH  AND  WEST  OF  FORT  WORTH. 


By  E.  W.  Shaw. 


GEOGRAPHY. 

Location  and  general  character  of  the  area. — ^The  area  covered  by 
this  report  on  the  gas  resources  north  and  northwest  of  Fort  Worth, 
Tex.,  extends  from  Dallas,  Fort  Worth,  Weatherford,  and  Strawn 
northward  to  Eed  River.  The  region  is  one  of  rolling  prairie,  brushy 
hills,  and  forests.  Some  parts,  such  as  that  at  Montague,  underlain 
by  the  thick  Trinity  sand,  and  that  at  Palo  Pinto,  underlain  by 
hard  limestone,  are  rough ;  other  parts,  such  as  the  broad  divides  un- 
derlain by  shale  in  Clay  County,  are  nearly  flat.  The  general  alti- 
tude ranges  from  500  or  600  feet  near  Dallas  to  1,400  or  1,500  feet 
near  Palo  Pinto,  and  the  highest  hills  nearly  reach  2,000  feet. 

In  the  two  months  available  for  the  field  work  most  of  the  area 
was  at  least  briefly  inspected  and  certain  districts  were  surveyed  in 
detail.  The  districts  to  which  most  attention  was  given  were  those 
which  the  information  in  hand  or  that  obtained  by  the  inspection 
showed  to  be  worthy  of  immediate  attention.  Further  geologic 
study  may  show  that  other  areas  are  more  promising  or  important 
than  any  of  these  except  perhaps  the  Petrolia  field,  which  is  the 
greatest  gas  field  thus  far  developed  in  Texas.  Plane-table  surveys 
were  made  of  several  areas  where  outcrops  are  good  in  the  hope  of 
finding  structural  features  (anticlines  and  domes)  favorable  to  the 
accumulation  of  gas.  One  of  these  areas  forms  a  belt  along  the 
south  side  of  Wichita  River  between  Eed  River,  east  of  Byers,  and 
Wichita  Falls.    Another  is  in  the  vicinity  of  Henrietta. 

Supplies  and  Tnarkets. — ^The  commercial  geography  pertaining  to 
natural  gas  in  the  area  examined  concerns  principally  the  relation  of 
the  developed  oil  and  gas  fields  to  markets.  The  region  under  discus- 
sion lies  near  the  middle  of  the  west  side  of  the  great  south-central 
oil  and  gas  region  of  the  United  States.  The  oil  and  gas  fields  of 
Oklahoma  lie  to  the  northeast,  and  beyond  them  are  the  gas  fields  of 
southeastern  Kansas.  A  hundred  and  fifty  miles  east  of  Dallas  are 
the  Caddo,  De  Soto,  and  Red  River  oil  and  gas  fields,  and  to  the  south- 
east and  the  south  are  the  scattered  Gulf  coast  fields  of  Tx>uisiana 
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and  Texa&  Dallas  and  Fort  Worth,  which  have  a  combined  popula- 
tion of  over  200,000,  are  the  largest  cities  dose  to  the  area  examined 
and  constitute  the  largest  market  for  gas.  Also,  the  areas  de- 
scribed in  this  report  and  the  accompanying  report  by  Mr.  Matson 
are  the  nearest  proved  or  probable  gas  regions  to  these  cities,  and  the 
ones  to  which  they  naturally  look  first  for  supplies.  Other  gas-bear- 
ing areas  are,  however,  within  reach  of  Dallas  and  Fort  Worth,  the 
most  productive  being  the  ^as  fields  of  Oklahoma  and  those  in  the 
vicinity  of  Shreveport,  La.,  though  it  is  doubtful  whether  the  supply 
of  gas  near  Shreveport  is  sufficient  to  warrant  the  investment  neces- 
sary for  its  transportation  so  far. 

AREAL  GEOIiOOT  AND  STRATIORAPHT. 

As  indicated  in  figure  1,  the  geologic  formations  outcropping  in 
most  of  this  region  belong  to  the  Carboniferous  and  Cretaceous  sys- 
tems. These  systems  are  made  up  of  several  series  and  formations, 
each  of  which  has  its  own  peculiar  kinds  and  associations  of  f  ossUs — 
the  remains  and  imprints  of  plants  and  animals  that  lived  at  the  time 
it  was  laid  down — by  which,  as  well  as  by  certain  other  characteristics, 
it  may  be  recognized.  The  Carboniferous  system,  so  called  because 
it  is  the  source  of  a  large  part  of  the  world's  output  of  coal,  is  made 
up  of  three  parts  known  as  the  Mississippian,  Pennsylvanian,  and 
Permian  series.  The  lowest  of  these  series,  the  Mississippian,  is  not 
exposed  in  the  region  examined  and  has  not  been  reached  in  many 
wells.  The  Pennsylvanian  series,  next  higher,  consists  mostly  of 
sandstone,  blui^  shale,  thin  limestones,  and  coal  beds.  It  is  buried 
under  the  Cretaceous  along  Red  River,  but  it  outcrops  farther  south, 
beginning  near  Bowie,  and  the  area  immediately  underlain  by  it  ex- 
tends  southwestward  for  150  miles  to  Colorado  River,  gradually  be- 
coming wider.  All  the  rocks  seen  in  the  vicinity  of  Mineral  Wells, 
Eastland,  and  other  towns  south  and  southwest  of  Bowie  belong  to 
this  series. 

The  Permian  series  crops  out  in  an  extensive  belt  that  lies  just 
west  of  the  Pennsylvanian  area.  The  principal  differences  between 
the  Permian  and  the  Pennsylvanian  series  are  that  the  Permian  rocks 
include  little  coal  and  ccmsist  largely  of  red  shale.  This  series  is 
widely  known  as  the  "Red  Beds,"  for  in  most  of  the  areas  of  its 
occurrence  throughout  the  world  it  embrace  great  amounts  of  red 
shale  and  sandstone.  The  Permian  and  the  underlying  Pennsyl- 
vanian have  yielded  a  large  part  of  the  oil  and  gas  produced  in 
northern  Texas  and  practically  all  that  is  produced  in  Oklahoma  and 
Kansas.  Beds  of  both  the^  series  are  also  great  oil  and  gas  pro- 
ducers in  West  Virginia,  where  the  Permian  contains  much  le§s  red 
rock.  The  Mississippian  also  yields  a  great  deal  of  gas  and  oil  in 
^^nnsylvania,  Illinois,  and  other  States,  and  the  Carboniferous 
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system  is  thus  the  most-  prolific  source  of  fuels  in  the  United  States 
and  probably  the  most  prolific  in  the  world. 

Along  Ked  River  the  lower  part  of  the  Permian  contains  very  little 
limestone  or  gypsum ;  the  middle  part,  which  outcrops  in  the  vicinity 
of  Electra  and  Vernon,  includes  several  thin  beds  of  limestone  and 
very  little  gypsum;  and  the  upper  part  in  areas  farther  west  con- 
tains much  gypsum.  The  proportion  of  limestone  in  the  Permian 
rocks  increases  toward  the  south. 

The  Cretaceous  system  contains  the  oil  and  gas  pools  south  of 
Dallas.  This  and  the  overlying  Tertiary  system  are  the  principal 
sources  of  gas  and  oil  on  the  Gulf  coast,  in  California,  in  Wyoming, 
and  in  Colorado,  and  of  coal  in  the  Rocky  Mountain  States. 

The  Cretaceous  system  is  made  up  largely  of  rather  persistent  and 
thick  beds  of  whitish  limestone,  bluish  shale,  and  poorly  consolidated 
sandstone.  Some  beds  of  the  limestone,  such  as  those  at  Weather- 
ford,  are  so  f ossilif erous  as  to  be  generally  called  shell  rock,  and  still 
others,  such  as  those  at  Benbrook,  are  hard  and  brittle.  The  Creta- 
ceous sandstones  consist  of  little  but  grains  of  quartz  and  are  open 
and  porous.  Several  are  sources  of  water.  The  Cretaceous  rocks 
contain  gas  at  Corsicana,  Mexia,  and  elsewhere,  as  is  stated  by  Mr. 
Matson  in  his  part  of  this  report.  The  succession  of  rocks  is  shown 
by  the  following  well  log : 

Log  of  well  at  Southern  Afethodist  Vniveraity,  4  miles  northeast  of  DallaSy  Tex. 

[See  PL  vn,  p.  78.] 
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Log  of  well  at  Southern  Methodist  Univenttitu — Continued. 
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Log  of  well  ai  Southern  MeUiodi&L  UnivertUy — (Continued. 
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Faloxy  water  bad;  Travis  Peak  good. 

GENERAL  STRUCTURE. 

The  Cretaceous  rocks  dip  rather  steeply  eastward  (see  fig.  2),  so 
that  the  Trinity  sand  at  the  base  of  tlie  system,  which  comes  to-  the 
surface  at  Weatherf ord  and  Montague,  lies  more  than  2,000  feet  below 
the  surface  at  Dallas  and  Sherman  and  still  deeper  farther  east.  On 
the  other  hand,  the  Carboniferous  beds  that  outcrop  at  Henrietta, 
Palo  Pinto,  and  elsewhere  dip  westward,  though  not  so  abruptly  as 
the  Cretaceous  beds  dip  eastward,  and  in  the  western  part  of  the  State 
lie  several  thousand  feet  below  the  surface.  Whether  or  not  the  Car- 
boniferous rocks  dip  to  the  west  in  the  eastern  part  of  this  region  also, 
where  they  are  deeply  buried  under  the  Cretaceous  rocks,  is  not  cer- 
tainly known,  and  it  is  not  certain  even  that  they  are  present  beneath 
Dallas.  Perhaps  along  the  eastern  border  of  the  region,  under  Sher- 
man and  Bockwall,  where  they  lie  several  thousand  feet  below  the  sur- 
face, they  dip  to  the  east,  so  that  their  general  structure  in  the  State  is 
that  of  a  broad  anticline  or  up  warp.  In  any  case  the  Cretaceous  rocks 
have  a  general  terrace  or  broad  anticlinal  structure,  for  although  their 
dip  is  so  steep  in  the  northeastern  quarter  of  Texas  that  they  all 
outcrop  and  their  horizon  is  above  the  surface  west  of  Bowie  ajid 
Weatherford,  they  come  down  again,  as  it  were,  farther  west,  in  the 
western  part  of  the  State.  If  the  strata  had  no  terrace  or  broad 
anticlinal  structure  the  beds  near  the  base  of  the  Cretaceous,  which 
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outcrop  around  Fort  Worth,  would  in  the  western  part  of  the  State 
be  many  thousand  feet  above  the  present  surf ax^,  but  they  occur  at 
the  surface.    It  therefore  appears  probable  that  the  oil  and  gas  in 

Wichita  and  Clay  counties  and  in  the 
area  extending  southward  to  Eastland 
occur  along  the  edge  of  a  great  struc- 
tural terrace. 

The  general  terrace  form  of  the  struc- 
ture is  not  evident  except  to  one  who 
takes  a  broad  view  of  the  region,  for 
the  terrace  is  low  compared  with  its 
breadth,  and  the  layers  of  rock  are 
more  or  less  uneven  throughout  the  re- 
gion and  at  some  places  are  uplifted 
into  well-developed  domes  and  anti- 
clines. The  local  dips  are  nowhere 
much  greater  than  the  general  dip  and 
at  few  if  any  places  exceed  5®.  Here 
and  there  the  rocks  have  been  faulted. 
The  geology  of  the  Cretaceous  part 
of  Texas  has  been  described  by  Hill.l 

CONDITIONS    OF   OCCURRENCE 

OF  naturaij  gas. 

In  most  of  the  natural-gas  pools  of 
the  country  the  gas  is  stored  under  pres- 
sure in  the  pores  (ft  sands  or  sandstones 
that  lie  more  than  1,000  feet  below  the 
surface.  Some  gas  has  been  found  at 
depths  greater  than  3,000  feet,  and 
some  in  other  kinds  of  cavities.  The 
pores  of  the  gas-containing  sandstone 
are  commonly  less  than  one-tenth  of 
a  millimeter — ^aj^out  -^h^  of  an  inch — 
in  diameter,  yet  the  gas  flows  from 
them  into  wells  at  the  rate  of  millions 
of  cubic  feet  a  day.  Most  of  the  pools 
are  found  in  rocks  which  have  com- 
paratively large  communicating  pores 
and  which  lie  near  other  rocks  that 
contain    much    carbonaceous    matter 
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from  which  the  gas  may  have  been  derived. 


>  Hill,  R.  T.,  Geo^apby  and  geology  of  the  Black  and  Grand  prairies.  Texas :  U.   & 
Geol.  Surrey  Twenty-first  Ann.  Rept.,  pt.  7,  1901. 
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THEORIES  OP  ORIGIN  AND  ACCUMULATION  OF 

NATURAIi  GAS. 

The  mode  of  origin  of  natural  gas  has  never  been  clearly  de- 
termined. It  has  not  been  possible  to  prove  conclusively  that  it  is 
either  of  organic  or  of  inorganic  origin,  though  most  investigators 
ngree  that  the  evidence  seems  to  indicate  that  both  gas  and  oil  were 
once  parts  of  living  organisms,  and  that  they  have  been  derived 
by  a  long  process  of  distillation  from  the  remains  of  plants  or 
animals,  or  both,  which  have  been  buried  in  great  bodies  of  sedi- 
ment. The  remains  of  plants  seem  to  be  a  more  likely  source  than 
the  remains  of  animals.  The  grounds  for  these  inferences  are: 
(1)  Although  the  hydrocarbons  constituting  petroleum  and  gas  can 
be  made  from  certain  inorganic  materials,  such  materials  are  not 
known  to  occur  in  the  earth  in  considerable  quantity,  and  if  the 
gas  and  oil  had  been  formed  from  such  materials  or  if  they  had  been 
original  parts  of  the  earth  they  must  have  migrated  far  from  their 
sources,  for  the  pools  do  not  occur  in  deep-seated  rocks  but  are 
closely  confined  in  sedimentary  strata,  thousands  of  feet  thick,  which 
did  not  form  an  original  part  of  the  earth;  (2)  any  hydrocarbon 
found  in  petroleum  can  be  made  in  the  laboratory  from  either  plant 
or  animal  matter;  (3)  carbonaceous  remains  of  plants  are  abundant 
in  the  strata  in  which  oil  occurs — ^more  abundant  probably  than  such 
remains  of  animals,  for  plants  decay  less  readily — and  fossil  plants 
are  generally  carbonaceous,  whereas  animal  fossils  are  rarely  so. 

Many  things  remain  to  be  learned  regarding  the  migration  and 
accumulation  of  gas,  but  the  inference — drawn  very  early  in  the  his- 
tory of  the  oil  industry — that  most  oil  and  gas  is  stored  in  anticlines 
or  upwarps  of  strata  has  been  well  demonstrated,  the  reason  for  their 
position  being  that  they  are  lighter  than  water,  so  that  under  the 
water  pressures  that  exist  in  the  earth  thoy  tend  to  migrate  to  the 
highest  spot  attainable. 

The  exact  nature  and  details  of  the  process  by  which  the  gas  mi- 
grates to  the  top  of  the  anticline  are  still  under  discussion,  the  most 
important  question  being  whether  or  not  the  salt  water  that  at  most 
places,  if  not  everywhere,  surrounds  the  pools  must  move  and  push 
the  oil  and  gas  about  to  a  greater  or  less  extent  in  order  that  the  gas 
and  oil  may  reach  the  top  of  the  anticline.  M.  J.  Munn  ^  has  argued 
with  much  force  that  such  movement  of  water  is  necessary.  The 
rock  pores  are  so  small  that  the  friction  would  seem  to  be  too  great 
for  the  gas  to  migrate  and  segregate  itself  into  extensive  pools  with- 
out the  help  of  lateral  movements  of  the  water,  which  would  favor 
this  sorting  by  weight. 

^  Munn,  M.  J.,  The  anticlinal  and  hydraulic  theories  of  oil  and  gaa  accumulation  :  Econ. 
Geology,  yol.  4,  Ko.  6,  pp.  509-^29,  1900. 
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THE  SEARCH  FOR  GAS. 

Natural  gas  has  not  been  so  extensively  and  vigorously  sought  as 
oil,  for  only  in  regions  in  which  it  is  abundant  and  which  are  thickly 
populated  or  not  too  far  from  large  towns  or  industrial  centers  can 
it  be  marketed  with  profit  Many  if  not  most  natural-gas  pools  have 
been  found  in  the  course  of  the  search  for  petroleum. 

The  first  knowledge  of  oil  in  most  regions  seems  to  have  been 
gained  eitlier  from  oil  or  gas  seepages  or  by  accident  in  drilling  for 
water  or  coal.  Of  most  pools,  however,  there  were  no  surface  indica- 
tions before  drilling  began.  The  history  of  oil  and  gas  "wild- 
catting  "  is  in  large  part  one  of  blind  or  even  misguided  waste,  such 
as  might  be  disastrous  were  not  the  gains  from  the  occasional  and 
frequently  merely  accidental  successes  so  great  It  is  becoming  more 
and  more  clearly  recognized  that  in  most  oil  regions  of  the  world  oil 
and  gas  pools  occur  in  connection  with  dome,  anticlinal,  or  terrace 
structures  in  the  strata  containing  the  oil  and  gas.  Usually  the  gas 
occupies  the  upper  part  or  crest  of  the  fold.  Accordingly,  in  his 
search  for  new  pools  or  .fields,  the  prospector  should  first  examine 
the  structure.  Where  anticlines  are  wanting  or  poorly  developed,  the 
geologic  structure  map  may  still  be  useful,  for  the  strata  nowhere  lie 
perfectly  flat,  and  it  is  everywhere  possible  to  select  certain  structural 
features  that  are  more  promising  than  others. 

Though  the  favorable  forms  of  structure,  even  in  oil  and  gas  bear- 
ing formations,  do  not  invariably  contain  pools,  the  places  in  which 
that  structure  is  found  are  more  likely  than  others  to  contain  gas  or 
oil.  The  principal  unsolved  problem  concerns  the  exact  places  in 
which  the  rocks  have  favorable  structure. 

The  field  work  requisite  to  a  comprehensive  and  reliable  state- 
ment concerning  the  gas  resources  available  on  the  north  and  north- 
west to  Dallas  and  Fort  Worth  consisted  of — 

First,  a  careful  geologic  survey  of  the  Petrolia  field,  which  is 
the  present  source  of  gas  used  by  Dallas  and  Fort  Worth.  This  work 
included  the  running  of  spirit-level  lines  to  every  well  in  the  field, 
a  careful  study  of  the  outcropping  rocks  in  and  near  the  pools, 
and  the  collection  of  logs  of  wells  and  a  large  amount  of  other  data 
concerning  them.  Special  attention  was  given  to  the  details  of  tht; 
structure  of  the  field,  the  thickness,  number,  and  nature  of  the  sands, 
and  the  gas  pressures  and  yields. 

Second,  a  similar  though  less  elaborate  and  detailed  study  of 
other  fields  having  gas  wells  within  reach  of  the  cities. 

Third,  plane-table  stadia  surveys  of  outcropping  strata  in  several 
districts,  made  in  the  hope  that  structure  favorable  to  the  accumula- 
tion  of  gas  might  be  found. 

The  ordinary  method  of  search  for  gas  pools  is  almost  the  same 
as  that  for  oil  pools,  the  most  essential  feature  of  it  being  the  search 
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for  anticlines.  In  Pennsylvania  and  West  Virginia  the  anticlines 
nearest  the  Appalachian  Mountains  contain  the  most  gas.  Gas  is 
generally  more  abundant  in  high,  sharply  defined  anticlines  than 
in  low,  broader  structures,  which  commonly  yield  much  oil.  How- 
ever, the  criteria  for  locating  gas  pools,  as  distinct  from  oil  pools, 
are  n^t  yet  suflSciently  developed  to  serve  as  a  reliable  guide.  As  all 
the  rocks  of  the  region  under  discussion  may  contain  oil  and  gas,  the 
search  for  new  gas  pools  within  reach  of  Dallas  and  Fort  Worth 
consisted  in  hunting  for  anticlines  and  other  favorable  features  of 
structure,  especially  in  places  where  the  underground  water  condi- 
tions appear  favorable.  The  higher  folds  of  the  region  are  more 
likely  to  contain  gas,  but  whether  any  particular  fold  will  be  found 
to  contain  oil  or  gas,  or  neither,  can  not  be  certainly  foretold. 

METTHODS    OF    ESTIMATING   GAS   RESOURCES. 

The  estimation  of  gas  resources,  though  very  important,  is  com- 
paratively new  and  undeveloped  work.  Many  unknown  quantities 
are  involved  in  the  estimates,  and  great  precision  in  results  will 
doubtless  never  be  attainable.  When  gas  properties  change  hands 
there  must,  of  course,  be  some  kind  of  an  estimate  of  the  amount  and 
value  of  the  gas  still  in  the  earth.  The  prices  of  some  gas  wells  have 
been  determined  by  the  appearance  of  the  well  when  it  was  opened. 
Generally,  however,  a  measure  of  the  closed  pressure  and  a  more  or 
less  careful  estimate  of  the  capacity  is  made.  The  common  method 
of  determining  the  capacity  is  as  follows:  The  well  is  opened  and 
allowed  to  blow  off  freely  for  3  to  24  hours.  Then  a  Pitot  tube  or 
spring  gage  is  used  in  measuring  the  forward  or  momentum  pressure 
of  flowing  gas.  The  opening  of  a  pipe  connected  with  the  gage  is 
turned  against  the  stream  of  gas.  The  pressure  is  measured  by  a 
colunm  of  water  or  mercury  or  a  spring  gage,  according  to  the  force 
of  the  ga&  The  pressure  reading  is  then  expressed  in  cubic  feet  per 
day  by  means  of  a  set  of  tables,  the  barometric  pressure,  the  temper- 
ature, the  specific  gravity  of  the  gas,  and  the  size  of  pipe  being  taken 
into  account. 

In  determining  a  proper  price  for  the  gas  which  underlies  a 
farm  or  group  of  farms,  the  acreage  of  the  land  and  the  number  of 
wells  are  also  taken  into  consideration.  These  operations,  which  are 
applicable  to  discovered  or  partly  developed  fields,  involve  a  large 
element  of  chance,  but  the  estimation  of  gas  resources  in  undiscovered 
fields  is  of  course  far  more  difficult,  so  difficult,  indeed,  that  most  oil 
and  gas  operators  regard  it  as  impracticable,  and  until  wells  are 
drilled  one  tract  is  regarded  as  about  as  valuable  as  any  other  that 
lies  at  the  same  distance  from  a  producing  field.  Nevertheless,  esti- 
mates vastly  better  and  more  reliable  may  be  obtained  for  such  tracts 
if  careful  consideration  is  given  to  the  geologic  structure  and  the 
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general  relations  of  gas  to  structure  in  the  same  region.  In  the  study 
of  the  structure  attention  should  also  be  given  to  the  number,  thick- 
ness, and  porosity  of  sands  and  the  nature  and  arrangement  of  sands 
that  bear  salt  water.  These  criteria  have  been  borne  in  mind  in  esti- 
mating the  gas  resources  about  Dallas  and  Fort  Worth.  The  fact  that 
the  Petrolia  field  is  on  a  high,  well-developed  anticline  may  mean  that 
smaller  and  less  sharply  defined  anticlines  in  the  same  region  are  less 
likely  to  contain  gas. 

METHOD   OF  MAPPING    STRUCTURE. 

The  problem  of  representing  on  a  map  the  precise  form  of  an 
uneven  surface  has  been  solved  by  the  use  of  contours. 

In  structure  contouring  the  surface  of  some  bed  is  chosen  and  lines 
are  drawn  through  points  of  equal  altitude  on  that  surface.  The 
result  shows  the  lay  of  the  bed,  just  as  a  contour  map  of  the  earth's 
surface  shows  the  lay  of  the  land — that  is,  the  form  of  hills  and 
valleys,  the  direction  and  steepness  of  slopes,  and  the  altitude  of 
all  parts  of  the  surface.  Features  are  shown  in  greater  or  less 
detail,  according  to  the  number  of  contours  used  and  the  number 
and  precision  of  the  determinations  of  altitude. 

The  method  used  in  making  the  structure  maps  included  in  this 
report  consisted  in  first  looking  over  a  group  of  outcrops  in  order  to 
select  a  bed  easily  followed  and  then  determining  by  plane-table  and 
telescopic  alidade  the  course  of  the  outcrop  and  the  altitude  of  points 
alqng  it  at  intervals  of  a  few  hundred  feet.  Often,  to  afford  a  check 
on  the  results,  a  second  or  third  bed  above  or  below  was  traversed 
at  the  same  time,  for  in  making  a  structure  map  the  geological 
surveyor  is  not  limited  to  one  bed,  because  all  beds  are  nearly  parallel 
and  hence  the  wrinkles  on  one  are  generally  at  the  same  place  and 
of  the  same  form  as  those  on  another.  Hence,  here  and  there  one 
bed  was  dropped  and  another  picked  up.  Now  and  then,  because 
of  poor  outcrops,  a  tract  was  altogether  passed  over,  and  where  such 
gaps  were  great  a  barometer  was  used  for  carrying  the  level  line  in 
order  to  make  more  rapid  progress.  As  a  result  the  figures  shown 
along  outcrops  on  maps  do  not  show  precise  altitudes  above  sea 
level,  but  are  fairly  precise  with  reference  to  each  other. 

In  some  places  valuable  inferences  concerning  structure  could  be 
drawn  from  the  surface  features.  Some  long,  gentle  slopes  are 
immediately  underlain  by  a  hard  stratum,  and  the  surface  thus 
indicates  with  greater  or  less  certainty  the  direction  and  amount  of 
dip.  Elsewhere  hard  beds  make  little  benches  in  hillsides,  so  that 
even  where  they  are  not  exposed  they  may  be  followed,  and  in  many 
places  a  concealed  bed  may  be  followed  by  fragments  of  the  rock 
in  the  soil. 
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The  accuracy  and  reliability  of  structure  contours  depend  on 
several  factors.  In  most  of  the  surveys  made  for  this  report  it  was 
felt  that  the  greatest  danger  of  error  was  that  of  mistake  in  correla- 
tion— of  following  one  bed  or  horizon  for  a  while  and  then  inad- 
vertently shifting  to  another.  This  danger  is  due  to  the  fact  that, 
particularly  in  Clay  County,  the  beds  pinch  out  and  change  in  char- 
acter at  short  intervals.  It  was  necessary  to  exercise  the  greatest  care 
to  avoid  mistakes  of  this  kind,  particularly  in  correlating  outcrops 
separated  by  short  gaps,  correlation  across  long  gaps  being  generally 
quite  impossible.  As  a  result  both  outcrop  lines  and  contours  on  the 
map  are  commonly  represented  by  dashes,  which  indicate  doubt  as  to 
exact  position. 

The  beds  are  not  only  discontinuous  but  their  surfaces  are  not 
sharply  defined,  and  hence  some  of  the  altitudes  determined  are  a 
little  above  and  some  a  little  below  the  surface  that  was  followed. 
No  doubt  slight  errors  of  this  sort  affect  most  of  the  points  determined, 
but  probably  few  such  errors  are  in  excess  of  2  or  8  feet.  They  are  not 
cumulative  and  hence  do  not  affect  the  general  structural  features  as 
shown  on  the  map.  Their  effect  is  partly  eliminated  in  drawing  the 
structure  contours,  and  thus  the  contours  shown  on  the  maps  do  not 
harmonize  in  detail  with  the  determined  altitudes. 

THE  PETROIiIA  GAS  AND  OIIi  FIEIiD. 

LOCATION  AND  EXTBNT. 

The  Petrolia  field  (see  PI.  I)  is  on  a  broad,  flattish  divide  between 
Wichita  and  Little  Wichita  rivers,  just  south  of  the  town  of 
Petrolia,  in  the  northern  part  of  Clay  County,  Tex.  It  has  often 
been  called  the  Henrietta  field,  because  at  the  time  it  was  discovered 
Henrietta,  12  or  15  miles  to  the  south,  was  the  nearest  town.  But  the 
town  of  Petrolia  has  since  grown  up  on  the  border  of  the  field  and 
this  name  is  now  more  appropriate.  It  covers  a  somewhat  elliptical 
area  about  3  miles  from  northeast  to  southwest  by  4  miles  from  south- 
east to  northwest.  The  limits  of  the  proved  field  can  not  be  stated 
with  precision,  because  some  dry  holes  are  nearly  surrounded  by  pro- 
ductive wells  and  one  or  two  productive  gas  wells  are  considerably 
outside  of  the  main  field,  but  an  approximate  boundary  of  the  de- 
veloped part  of  the  field  is  shown  on  Plate  I  (in  pocket)  • 

STBATA  ENCOtrNTEBED   IN  DBILUNQ. 

The  rocks  outcropping  in  the  Petrolia  field  and  a  large  surrounding 
territory  are  widely  known  as  the  "  Red  Beds "  and  belong  to  the 
Wichita  formation  of  the  Permian  series.  They  consist  of  lenticulai* 
beds  of  red  shale,  soft  cross-bedded  sandstone,  and  some  blue-gray 
shale.    Their  fossils  are  rare  and  consist  mostly  of  impressions  and 
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remains  of  plants.  The  sandstone  contains  occasional  fossil  tree 
trunks  and  carbonized  wood,  which  is  here  and  there  replaced  by 
copper  minerals,  mainly  malachite.  There  appears  to  be  no  limestone 
near  Petrolia,  though  thin  beds  of  limestone  are  fairly  common  in 
the  higher  parts  of  the  Wichita  formation  exposed  at  Electra  and  in 
all  parts  of  the  formation  at  places  farther  south.  Gypsum  has  been 
reported  in  some  wells,  but,  though  much  gypsum  occurs  in  the 
Wichita  formation  50  to  100  miles  to  the  west,  it  is  doubtful  whether 
any  occurs  in  it  in  the  Petrolia  field,  for  no  fragments  were  found  in 
drill  cuttings  or  slush  pits. 

The  strata  penetrated  by  wells  in  the  Petrolia  field,  as  shown  in  the 
following  well  logs,  include  several  sands  that  produce  oil  or  gas 
or  both.  On  the  whole,  the  quantity  of  gas  increases  with  increase  in 
depth.  The  sands  that  lie  150  to  300  feet  below  the  surface  contain 
very  little  gas,  and  probably  for  this  reason  the  oil  wells  that  derive 
oil  from  these  sands  have  a  low  daily  production  and  long  life. 
Practically  all  the  gas  marketed  comes  from  a  group  of  sands  that  lie 
at  a  depth  of  1,500  to  1,750  feet.  This  group  is  made  up  of  three 
principal  and  two  or  three  subordinate  and  lenticular  sands. 

Driller'8  log  of  Wichita  Oas  Co:s  toeU,  on  Felix  Webb  tract.  No,  S9,  ChiUon 
NeviUc  d  Kelley  Subdivision,  Block  No.  13,  Clay  County,  Tex, 

[Contractor,  M.  D.  Rowe.  Drilled  December  79, 1913,  to  Febmarv  5. 1914.  Inftial  prodnctkn  (estimated), 
10  inllUoa  cubic  feet  of  gas.  Casine:  10  Inch,  54  feet:  6  Incn.  i2532  feet  set  with  bevolea  shoe  and 
cemeiited  on  top  of  sand.   Six-inch  Darling  gate  anchored  to  10-mdi  casing.] 
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Driller's  log  of  Wichita  Oas  Co.*9  foe«— Continue<l. 


Shale  and  thin  aandstcne. 
Sand  rock. 


"Slate'' and  BlieUs. 
Limestone. 


"Slate"  and  shells. 
Sand  rock, bard..., 
Qtunbo  and  rock. . , 

Shale  and  sand 

Mad 


Gumbo  and  sand 

Sand  and  shale 

Sand,  Umestone,  and  shale . 
Rock.. 


Sand  rock 

Qumbo  and  cypsum 

Band  rock,  showing  water. 
Qypsiun. 


Sand  rock 

Qombo  and  bowlders 

Onmbo,  Qrpsum,  and  bowlders. 
Lime 


Gypsum  and  streaks  of  sand . 

Sand,  showing  gas 

Shale,  blue 

gas...^ 


streaks,  showing  gas. 


Thlck- 
uess. 

Depth, 

Feet. 

Feet, 

65 

916 

10 

926 

29 

965 

3 

968 

24 

982 

6 

987 

19 

1,006 

40 

1,046 

36 

1,082 

36 

1,118 

28 

1,146 

34 

1,180 

6 

1,186 

10 

1,196 

124 

1,320 

12 

1,332 

22 

1,364 

6 

1,360 

36 

1,396 

88 

1,484 

6 

1,480 

43 

1,532 

0 

1,538 

15 

1,563 

14 

1,567 

24 

1,591 

10 

1,601 

Partial  driller's  log  of  Wichita  OU  d  Oas  Co.  teeU  No.  5  on  CtUhertson  tracts 
near  middle  of  8W.  i  block  U,  PetroUa  gas  field,  Texas. 

[Drilled  by  Howdl,  IfarkowiU  A  Kell,  April  19  to  Sept.  2,  1914.«  Cashig  10  inch,  60  feet;  6  faich, 

1,645  feet.] 
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Driller's  log  of  Developers  OU  Co^s  weU  No.  12,  near  middle  of  NE.  i  block  9, 

about  1  mile  southwest  of  Petrolia, 
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5 

3 

6 

3 

18 

8 


Depth. 


Feet. 
10 
12 
32 
40 
43 
88 
95 
125 
195 
198 
205 
405 
445 
4S0 
483 
563 
509 
651 
665 
686 
690 
696 
731 
734 
736 
746 
806 
821 
853 
861 
881 
906 
918 
952 
960 
909 
980 


1,002 
1,020 
1,040 
1,057 
1,067 
1,075 
1.106 
1,120 
1,136 
1,163 
1,187 
1,105 
1,204 
1,222 
1,237 
1,243 
1,263 
1,280 
1,274 
1,284 
1,286 
1,296 
1,304 
1,324 
1,344 
1,380 

Oh 
1.395 
1,425 
1.490 
1,496 
1,496 
1,510 
1.552 
1,567 
1,572 
1,575 
1,581 
1,584 
1,602 
1,610 
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ShiJe 

Band,  hard. 
Oay. 


Clay,  blue. 

Clay 

Shale 


Do 

Sand,  bard. 

Sand 

Shale. 


Sand  (set  and  oemented,  6-inch  casing). 

Sand— good  gas 

Sand,  oil  spray 

Bottom  sand 

Shale 

Sand 

Bloe  mud  (bottom  of  well) , 


Thlolr- 
nM8. 

Depth. 

Feet. 

FeeL 

12 

1,022 

3 

1,626 

17 

1,642 

ao 

1,662 

Ifi 

1,677 

ao 

1,697 

15 

1,712 

15 

1,727 

30 

1,757 

6 

1,763 

1 

1,764 

2 

1.766 

7 

1,773 

8 

1,781 

4 

1.786 

3 

1,788 

2 

1,790 

Wall  completed  May  27, 1914.  Estimated  capacity  12,000,000  cable  feet  of  gas.  Shatintoaavegas.  Prob- 
ably good  for  6  to  10  barrels  of  oIL 

On  account  of  the  high  gas  pressure  and  rather  large  yield  of  the 
main  gas  sands,  few  wells  have  been  sunk  to  a  greater  depth  within 
the  proved  field.  The  underlying  strata  include  several  layers  of 
sandstone  that  are  inclosed  between  comparatively  impervious  beds 
and  that  have  pore  space  adapted  to  make  them  good  oil  and  gas 
reservoirs.  These  deeper  sands  have  been  penetrated  in  wells  outside 
the  producing  field,  as  shown  in  the  logs  on  pages  66-68. 

The  main  gas  sands  at  Petrolia  are  believed  by  Prof.  Udden  ^  to 
belong  in  the  Cisco  formation,  which  is  the  uppermost  formation  of 
the  Pennsylvanian  series  in  this  region.  On  account  of  the  scarcity 
of  fossils,  however,  it  is  not  yet  possible  to  define  with  certainty  the 
boundary  between  this  and  the  lower  formations.  The  importance 
of  carefully  preserving  shells  and  other  fossils  found  in  drilling  is  not 
sufiiciently  understood  by  the  driller.  Gordon's  section  of  the  rocks 
below  the  Wichita  formation  is  as  follows.' 

Section  of  Pennsylvanian  formations  in  Wichita  region,  Texas, 

Feet 
Cisco  formatioa  (clay,  shale,  conglomerate,  sandstone,  and  some  lime- 
stone and  coal) 800 

Canyon  formation  (alternating  beds  of  limestone  and  clay ;  some  sandstone 

and  conglomerate) 800 

Strawn  formation  (alternating  beds  of  sandstone  and  clay;  some  con- 
glomerate  and  shale;  the  lower  1,0(X)  feet  consists  of  blue  and  black 
clay  locally  containing  beds  of  limestone,  sandstone,  or  sandy  shale,  and 
a  coal  seam  at  the  top) 1,900 

3,500 

» Udden,  J.  A.,  and  Phillips,  D.  McN.,  A  reconnaissance  report  on  the  geology  of  the 
oil  and  gas  fields  of  Wichita  and  Clay  counties,  Tex. :  Texas  Univ.  Ball.  240,  1912. 

•Gordon,  C.  11.,  Geology  and  underground  waters  of  the  Wichita  region,  north-central 
Texas :  U.  B.  Geol.  Survey  Water-Supply  Paper  817,  p.  14,  1913. 
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STBTTCiraBK 

As  pointed  out  by  Udden  and  Phillips,*  the  structure  of  the  rocks 
in  the  Petrolia  gas  field  is  anticlinal.  The  additional  work  done  by 
the  writer  has  only  served  to  bring  to  light  further  details  concern- 
ing the  structure  of  the  field  and  the  surrounding  territory.  The 
more  complete  structural  survey  of  the  field  has  had  the  advantages 
afforded  by  the  records  of  additional  wells  combined  with  plane-table 
surveys  of  outcropping  rocks  on  all  sides  of  the  field,  but  especially 
along  the  river  bluffs  that  extend  from  a  point  a  few  miles  east  of 
Byers  west-southwestward  nearly  to  Wichita  Falls.  These  additional 
data  bring  out  the  fact  that  the  oil  and  gas  pools  occupy  the  crest  of 
a  large,  irregular  anticline  having  a  general  east-northeast  trend. 
The  most  important  structural  features  in  and  near  the  Petrolia  field 
identified  by  the  present  survey  consist  of  a  branch  anticline  extend- 
ing a  mile  or  two  northeast  of  the  middle  of  the  field  and  a  similar 
structure  extending  northwest.  The  form  of  these  features  is  shown 
on  the  structural  map.  The  fold  to  the  northeast  was  discovered  by 
H.  M.  Kobinson  from  outcropping  beds,  and  he  determined  its  form 
so  far  as  possible  by  a  plane-table  survey. 

FBODtJCTION. 

The  Petrolia  field  produces  both  oil  and  gas,  and  in  recent  years 
its  production  has  increased  rather  rapidly.  It  is  now  yielding  about 
500,000  barrels  of  oil  a  year.  Its  production  in  1912  was  less  than 
200,000  barrels,  and  for  several  years  before  it  had  been  nearly  100,000 
barrels.  The  total  amount  of  oil  produced  up  to  the  close  of  1914  is 
a  little  over  2,000,000  barrels,  or  about  11,200,000  cubic  feet. 

The  annual  production  of  natural  gas  consumed  in  Texas  amounts 
to  more  than  10,000,000,000  cubic  feet,  and  the  Petrolia  field  is  by  far 
the  largest  producer.  The  production  of  the  State  in  1914  amounted 
to  about  13,433,639,000  cubic  feet,  valued  at  $2,469,770. 

HISTORY. 

The  first  gas  well  in  the  Petrolia  field  was  drilled  in  1907.  For 
several  years  before  that  date  it  was  known  as  an  oil  field.  The 
first  shipments  of  oil  were  made  in  1904,  though  it  had  produced 
small  amounts  of  oil  for  several  years  before.  The  oil  was  first 
found  in  water  wells,  where  it  and  the  associated  salt  water  spoiled 
many  wells  as  producers  of  drinking  water. 

During  1904  about  75  oil  wells  were  drilled.  The  average  depth 
was  about  300  feet,  and  their  production  ranged  from  3  to  40  barrels 
a  day.    The  oil  had  a  paraffin  base  and  was  similar  in  character 

1  Udden,  J.  A.,  and  Phillips,  D.  McN.,  A  roconnalHsance  report  on  the  geo\ogj  of  the 
oil  and  gas  fields  of  Wichita  and  Clay  counties,  Tex. :  Texas  Uniy.  Bull.  246,  1012. 
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to  that  produced  at  Corsicana,  to  which  place  it  was  shipped  for  re- 
fining. During  this  year  two  pipe  lines  were  laid  to  Petrolia,  where 
loading  racks  were  erected.  An  analysis  of  the  oil,  made  at  this  time,^ 
shows  naphtha,  9.1  per  cent;  water- white  oil,  54.5  per  cent;  solar 
oil,  18.6  per  cent;  heavy  residues,  water,  and  loss,  22.8  per  cent. 

In  1905, 52  additional  wells  were  drilled,  bringing  the  total  number 
of  producing  wells  up  to  135.  All  were  shallow,  averaging  only 
about  300  feet  in  depth.  The  cost  of  drilling  was  low,  and  10  'to 
30  of  the  wells  were  operated  by  one  power.  During  this  year  over 
66,000  barrels  of  oil  were  shipped  to  refineries,  nearly  10,000  barrels 
were  used  in  boilers  in  the  field,  and  about  26,000  barrels  were  put  in 
storage.  At  about  this  time  a  large  part  of  the  field  was  ^'  townsited  '^ 
and  offered  for  sale  in  small  lots,  the  owners  and  promoters  evidently 
believing  that  more  money  was  to  be  made  in  this  way  than  by 
drilling  and  producing.  As  a  result,  much  of  the  field  is  now  cut 
up  into  small  blocks  most  of  which  have  changed  hands  one  or  more 
times,  a  condition  that  greatly  complicates  the  record  of  well  lo- 
cations. 

By  the  close  of  1907  there  were  169  producing  oil  wells,  all  of  them 
shallow,  and  the  oil  was  being  piped  from  the  field  by  the  Navarro 
Befining  Co.,  successor  to  the  Clayco  Oil  &  Pipe  Line  Co.  In  Octo- 
ber of  that  year  the  first  gas  well  was  brought  in  by  this  company. 
It  was  1,500  feet  deep  and  is  reported  to  have  had  a  4-minute  pressure 
of  470  pounds  to  the  square  inch,  and  a  capacity  of  8  to  10 
million  cubic  feet  a  day.  In  1908  two  other  ^^  gassers  "  were  brought 
in,  the  gas  being  used  for  domestic  purposes  in  Petrolia  as  well  as 
for  operating  boilers  and  for  other  purposes  in  the  field. 

In  1909  several  other  gas  wells  were  drilled  and  the  16-inch  pipe 
line  to  Fort  Worth  and  Dallas' was  laid.  From  this  date  the  number 
of  gas  wells  has  gradually  increased  until  now  about  56  produce  gas, 
all  of  them  deep  wells.  In  addition,  a  smaller  but  steadily  increasing 
number  of  deep  oil  wells  have  been  drilled.  Many  wells  yield  little 
or  no  salt  water,  but  on  the  whole  the  proportion  of  salt  water  in  both 
gas  and  oil  wells  is  increasing,  as  it  commonly  does  in  oil  fields.  Some 
of  the  deep  wells  yield  both  gas  and  oil  in  proportions  that  show  a 
wide  range,  the  proportion  of  oil  showing  a  slight  general  tendency 
to  increase. 

Many  of  the  first  deep  wells  in  the  field  showed  closed  pressures 
of  more  than  700  pounds  to  the  square  inch,  the  highest  pressure  re- 
ported being  740  pounds.  The  average  pressure  has  gradually  de- 
creased and  now  is  less  than  half  as  great  as  at  first.  (See  PI.  II.) 
Very  naturally  the  capacity  of  the  wells  has  also  fallen  off  consider- 
ably, and  on  account  of  the  decline  in  pressure  and  volume  a  large 


»tJ.  S.  Owl.  Survey  Mineral  Resources,  1004,  p.  715,  1905. 
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compressor  plant  furnishing  a  pressure  of  about  300  pounds  to  I 
square  inch  has  been  built  by  the  Lone  Star  Gas  Co.,  the  principal  | 
producer  in  the  field.  When  the  pipe  line  was  installed  and  for  t 
following  two  or  three  years  the  pressure  and  volume  of  the  w< 
were  great  enough  to  maintain  this  300-poimd  flow  pressure,  whi 
was  necessary  to  force  the  gas  to  Fort  Worth  and  Dallas  in  sufficil 
quantity  to  meet  the  demand.  In  fact,  at  first  the  requisite  amol 
could  be  delivered  at  the  cities  by  using  only  a  few  wells  and  allowl 
them  to  flow  into  the  pipe  line  for  only  a  part  of  the  time,  but  si] 
then  the  consumption  has  greatly  increased  and  the  capacity  4 
pressure  of  the  wells  has  decreased,  so  that  the  installation  of  I 
compressor  plant  was  necessary.  A  large  pipe  line  or  additional  pi 
lines  would  have  made  it  possible  to  furnish  the  requisite  amount; 
gas  for  a  year  or  two  longer  without  compression,  but  the  buildl 
of  the  compressor  plant  could  not  have  been  long  postponed. 

EPFEGT  OP  METHOD  OP  DBXLLUSIO  ON  DISGOVEBY  AND    | 

FBODTJCTION. 

The  wells  of  the  Petrolia  field  are  bored  to  the  supposedly  prodl 
tive  sands  by  rotary  drills,  but  as  the  mud  used  with  these  drills  iq 
so  mask  the  sands  as  to  obscure  to  a  greater  or  less  extent  their  ca^ 
bilities  for  producing  oil  or  gas  and  may  even  totally  conceal  rich 
and  gas  sands,  it  is  the  common  practice  to  drill  the  sands  with  a 
tools.  These  tools  are  installed  after  the  hole  has  been  sunk  with 
rotary  drill  nearly  to  the  top  of  the  sand  which  is  expected  to 
productive.  j 

Drilling  is  done  in  a  way  more  favorable  to  the  development  of  I 
wells  than  of  gas  wells,  on  account  of  the  fact  that  an  oil  well  is  woi 
in  general  much  more  than  a  gas  well.  The  attempt  is  thus  general 
made  to  make  an  oil  well  if  possible.  When  a  gas  sand  is  found  i 
operator  attempts  to  drill  through  it,  in  the  hope  of  finding  oil 
paying  quantities  beneath  the  gas.  Thus  it  happens  that  much  j 
has  been  allowed  to  go  to  waste,  and  many  gas  wells  have  bei 
"killed,"  because  they  were  considered  not  worth  caring  for.  fl 
operators  commonly  have  an  arrangement  with  a  gas  company  to  si 
to  it  all  gas  wells  as  fast  as  drilled,  so  when  the  attempt  to  make: 
well  an  oil  well  fails  on  account  of  the  abundance  and  high  pressil 
of  gas,  the  well  is  turned  oyer  to  the  gas  company.  The  gas  compa^ 
commonly  finds  it  convenient  to  give  a  purchased  well  a  new  numW 
or  designation,  and  this  practice  leads  to  confusion  in  names  of  wed 

After  it  is  finished  each  well  has  its  own  history,  which  differs  mm 
or  less  from  that  of  any  other,  not  only  in  geologic  but  in  technolojj 
detail.  Some  wells  are  short  lived  and  others  maintain  a  large  yi^ 
for  many  years.  Some  become  bridged  over  or  are  in  other  wri 
troublesome;  others  require  very  little  care.  . 
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GAS  BESOUBCES. 

Distribution  of  gas  weUs. — ^As  shown  by  the  map  (PI.  I),  the  gas 
wells,  about  56  in  number,  are  fairly  evenly  distributed  throughout 
the  Petrolia  field.  Very  few  unsuccessful  deep  wells  have  been  drilled 
within  the  field.  Many  that  are  called  oil  wells  are  in  fact  capable 
of  producing  considerable  gas  also,  the  general  practice  being,  as 
noted  above,  to  make  as  many  oil  wells  as  possible.  In  the  northwest 
comer  of  the  field  in  particular  efforts  to  this  end  have  been  very 
successful.  Here,  especially  in  blocks  9  and  13,  the  gas  sands  of  the 
central  part  of  the  field  contain  a  great  deal  of  oil.  Though  most 
of  the  wells  here  produce  gas,  in  only  a  few  does  gas  preponderate 
to  such  an  extent  as  to  cause  them  to  be  rigged  up  as  gas  wells. 

The  limits  of  the  Petrolia  gas  field  are  generally  considered  to  be 
pretty  well  determined  by  the  drilling  so  far  done.  Most  of  the  deep 
wells  within  a  fairly  well  defined  boundary  (see  line  on  PI.  I)  are 
productive,  and  those  outside  are  nonproductive,  though  the  Morgan 
Jones  No.  1,  of  the  Ninety-nine  Pumping  Co.,  is  a  notable  exception. 
This  well  has  not  so  large  a  capacity  as  most  wells  in  the  field,  but 
though  it  is  more  than  a  mile  west  of  the  nearest  gas  well  in  the  field, 
it  is  a  very  good  gas  well. 

Depth  of  weUs. — ^Most  wells  over  1,000  feet  deep  yield  more  or  less 
gas,  and  the  big  gas  wells  range  in  depth  from  1,500  to  1,750  feet. 
Contrary  to^a  prevalent  opinion,  the  sands  do  not  lie  almost  perfectly 
horizontal  but  have  dips  which  in  a  few  miles  cause  considerable 
differences  in  their  altitude.  The  dips  are  much  less  than  the  general 
slope  of  the  surface  of  the  region,  though  they  are  sufficient  to  carry 
the  beds  down  or  up  scores  of  feet  within  a  mile. 

Closed  pressure  and  capacity  of  wells. — ^The  initial  closed  pressure 
of  the  first  few  gas  wells  drilled  in  the  Petrolia  field  ranged  from 
600  to  740  pounds  to  the  square  inch.  Since  these  wells  were  drilled 
their  closed  pressures  have  not  only  decreased  but  the  initial  pres- 
sures of  other  wells  drilled  later  have  been  lower  than  that  of  earlier 
wells,  some  of  the  latest  wells  drilled  having  recorded  initial  pres- 
sures of  less  than  300  pounds  to  the  square  inch.  The  initial  pressure 
depends  in  part  on  the  stage  of  development  of  the  field  and  in  part 
on  the  surrounding  producing  wells — whether  they  are  numerous  or 
few,  distant  or  near  by,  old  or  recently  drilled,  or  have  been  much  or 
little  used.  The  following  table,  showing  the  rate  of  decrease  of 
closed  pressure  as  ascertained  by  monthly  gaging  of  most  of  the  gas 
wells  in  the  field,  is  compiled  from  records  kindly  furnished  by  the 
Lone  Star  Gas  Co.  These  monthly  gagings  were  begun  in  January, 
1913,  and  have  been  continued  to  date. 

29388'— Bun.  62^—16 8 
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Rock  pressures  of  gas  iveUs  at  Petrolia,  Tex.,  belonging  to  Lone  Star  Qas  Co^ 

1919-1915. 

[Figures  show  Una  pressure  at  well  mouth,  in  pounds  to  the  square  inch.] 


Jan. 

Feb. 

ICar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct, 

Nov. 

I>er.. 

1913. 
Byers  1 

o726 

a  710 

a  640 

636 

a  730 
a  710 
a650 
0  640 

a  730 

fl710 

a640 

630 

a725 

o715 

a630 

620 

a505 

a  716 

a  630 

610 

(335) 

0665 
0360 
0536 
(316) 

0660 
o660 
o&iO 
(330) 

o670 
o656 
0  525 
(325) 

0  676 
0550 
0  520 
(325) 

0665 

O220 

480 

(345) 

O470 

445 

435 

o576 

0665 

0  495 

480 

430 
O510 
0625 
0635 

615 
O6S0 
(315) 

516 

o526 

0665 
490 
445 

(375) 

0  445 
480 
420 

0545 
665 

O450 

445 

455 

430 

0  615 

o630 

605 

0630 

(315) 

a  615 

Byers4 

o670 

Byers  6 

0  475 

Byers  6 

415 

Byers  12 

o390 

Byers  16 

Holtl 

a  615 

a565 

a635 

a720 

o570 

485 

520 

680 

520 

a655 

a660 

595 

645 

(315) 

a  615 

(325) 

a  676 

a  615 

a560 

a  640 

710 

530 

505 

570 

a530 

a650 

a  655 

0  595 

a650 

(310) 

a  615 

(320) 

a590 

a  615 
a565 
a  640 
O710 
a560 

436 

560 

a560 

a656 

a655 

a690 

a650 

(310) 

a636 

(325) 

a690 

a  615 
a665 
a655 
a  705 
«660 

506 
555 
a555 
a660 
a666 
a  590 
a660 

(275) 
1640 

(285) 
a5R5 

a  630 
8585 
<s650 
a720 
a565 

610 

560 

a560 

a650 

8  686 

«585 

a  670 

(290) 

•  620 

(300) 

a596 

o670 
430 
o590 
0656 
0505 

430 
540 
O505 
0  615 
o636 
058U 
o610 

(2«5) 
0690 

(3^5) 
0565 

o660 
426 
0500 
O660 
0  495 

440 

625 

O600 

O610 

0625 

o670 

0605 

(315) 

O590 

(326) 

6i0 

O560 
o485 
0586 
046 
O500 

436 

460 
O510 
o646 
0636 

540 
O610 
(316) 

676 
(325) 
O530 

O650 
440 

o586 
655 

0490 

445 
455 

O605 
o620 
o640 

525 
o615 
(315) 

510 

O430 

630 

Matlockl 

475 

T/andnim  1 

o575 

SchneUl 

O660 

8chnell2....- 

0435 

Brlok&Tilel 

Brick  &Tile2 

460 

MiUerl 

425 

Smith  Webber  1 

420 

SmithAvisl 

o606 

Lockridtre  1 

a  615 

Panhanrti<!»  1 

490 

Clayco  Stine  1 

o615 

Houoway  2 

O410 

HoUoway  4 

Taylor  2 

SkeUyl 

480 

SkeUy4 

475 

C.  P.  Stinel 

a605 
(415) 

a565 
(420) 

0  355 
(395) 

0365 
(410) 

300 

(«*) 

SkeQy2 

650 

585 

690 

Total  number  wells 

Total  number  off  test 

Total  number  tested 

AveraKeDer  well 

22 
2 

20 
621 

22 

3 

19 

617 

22 

3 

19 

622 

23 

4 

.19 

621 

24 

5 

19 

615 

24 

6 

18 

540 

24 

5 

19 

638 

24 

6 

18 

653 

24 

7 

17 

541 

25 
7 

18 
618 

24 

7 

17 

619 

25 

6 

19 

506 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

D«c. 

1914. 
Byers  1 

655 
440 

350 

670 
410 
370 

350 

625 
375 
325 
290 
310 

560 
342 
307 

676 
345 
300 

515 
340 
295 

280 

2^ 
510 
575 
400 
340 
420 
540 
396 
350 
330 

360 

605 
3^ 
305 
ol85 
o2^5 
o255 
490 
650 
405 
325 
420 
525 
385 
335 
320 

350 
450 

375 
470 
425 
405 

365 

600 

340 

O300 

O180 

o265 

o285 

495 

575 

395 

335 

380 

600 

390 

335 

335 

355 
460 
260 
356 
420 
375 
420 

360 
360 

465 
300 
300 
200 
210 
250 

500 
350 
310 
320 

355 
335 
310 

315 
420 
360 
310 
420 
365 
365 

320 
335 
420 
320 

Byers  4 

510 

Byers  5 

905 

Byers  6 

210 

Byers  12 

140 

Byers  15 

230 

Byers  17 

230 

Byer8l9 

610 

655 



505 

Byers  20 

520 

I^ltl 

510 
440 
555 
680 
480 

425 
(350) 
475 
585 
595 
470 
585 
475 

465 

505 
435 
510 
675 
480 

415 

460 
555 
480 
460 
570 
480 

455 
465 

460 
420 
450 
635 
435 

385 

400 
507 
425 
425 
630 
420 

415 
420 

450 
375 
420 
630 
425 

360 

400 
487 
375 
400 
507 
(280) 

405 

440 
360 
396 
590 
425 

390 

390 
480 
360 
400 
607 
465 

400 
400 

350 

Matlockl 

350 

Landrum  1 

365 

Schnelll 

8chneU2 

350 

Brick&Tilel 

290 

Brick&Tile2 

250 

MiDerl 

Smith  Webber  1 

306 

Smith  ATisl 

'     450 

415 

Lockridfe  1 

* 

2^5 
3''5 
480 
280 

370 

3B6 

F<i«baTidlf^  1 

3iO 

Clayco  Stine  1 

440 

Holloway  2 

b506 

Holloway  4 

355 

Taylor2 

Skellyl 

315 

8keUy4 

j^^ 

C.  P.Stinel 

Br  othertoa  1 

315 

Holmes  1 

•    320 

Total  number  wells 

Total  number  off  test 

Total  number  tested 

Average  per  well 

25 

9 

16 

511 

25 

7 

18 

485 

25 

6 

19 

434 

26 

8 

17 

431 

26 

8 

18 

432 

1 

21 

388 

28 

5 

23 

379 

28 

4 

24 

377 

20 

5 

34 

841 

30 

5 

25 

344 

o  Wells  not  in  use. 

6  Closed  16  hours  before  test. 

Flgores  in  parentheses  are  estimates,  the  wells  being  impossible  to  shut  in  for  test. 

A  dash  ( )  indicates  that  weU  was  in  bad  order  and  no  test  was  made. 

Totals  do  not  include  records  in  parentheses. 
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Back  pre99ur€a  of  ga%  wells  at  Peirolia,  Tew. — Continued. 


7an. 

Feb. 

Mar. 

Apr. 

May. 

7mie. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

1915. 

Byersl 

Byflrs4 

485 
245 

195 
175 
180 
175 
465 
530 
360 
310 
355 

355 

295 
240 
320 
295 
405 

315 
425 
410 
346 

426 
280 
186 
ISO 
165 
160 
475 
530 
355 
345 
350 

845 
265 
235 
300 
290 
415 

325 
445 
460 
345 

435 

265 
175 
130 
145 
115 
465 
475 
350 
S35 
345 

335 
275 
210 
305 
300 
410 

320 
425 
420 
835 

DIS4 

nee 
300 
315 

255 
255 
195 
840 
805 
440 

480 
240 
155 
135 
145 
140 
455 
455 
830 
335 
325 

835 
285 
205 
305 
290 
415 

310 
435 
340 
335 
son- 
ted. 
310 
315 

285 
285 
225 
325 
290 
420 

lose. 

455 

240 
150 
100 
145 
135 
435 
445 
820 
820 
335 

815 
250 
186 
300 
280 
390 

305 
420 
440 
335 

465 
240 
185 
100 
150 
135 
435 
445 
825 
820 
825 

825 
310 
265 
300 
280 
395 
395 
300 
420 
350 
335 

466 

240 
176 

55 
140 

65 
420 
430 
325 
330 
325 

310 
285 
290 
285 
205 
395 
400 
310 
415 
455 
335 

450 
240 
170 

180 

410 
420 
820 
335 
310 

320 
260 
300 
300 
286 
390 
390 
305 
410 
470 
335 

440 
230 
160 

110 

400 
400 
805 
320 
295 

310 
235 
295 
300 
<   290 
385 
370 
295 
400 
460 
330 

435 
225 
155 

120 

890 
345 
300 
315 
310 

310 
240 
290 
300 
285 
375 
355 
206 
386 
265 
820 

430 
225 
130 

110 

885 
835 
800 
315 
300 

810 
255 
290 
300 
285 
370 
335 
280 
870 
290 
315 

Byers  5 

Byera  6 

Byers  12 

Byers  15 

Byers  17 

Byers  19 

Byers  20 

Holtl 

Matlockl 

Landnim  1 

Schnelll 

8chneU2 

Brick  dcTOel 

Brfck  &  Tile  2 

Mlllerl 

Smith  Avjsl 

PiMihftnolft  1 

Hofioway  2 

Taylor  2 

SkeUy  1 

310 

315 

250 
240 
240 
350 

• 

315 
315 

280 
280 
245 
350 

305 
295 

290 
290 
260 
320 
285 
400 

300 
295 

255 
255 
240 
820 
290 
400 

0  325 

310 
800 

200 

195 
190 
825 
290 
395 

325 
200 

PhlgK 
up. 

205 
296 

160 
155 
155 
820 
280 
360 

320 
180 
ed;  mi 

290 
280 

150 
150 
130 
800 
260 
350 

305 

idded 

175 
215 

286 
296 

136 
120 
96 
805 
265 
830 

810 

280 
290 

155 
146 

805 
265 
320 

300 
150 

Skelly4 

0.  P.SUnel 

Brothertonl 

Holmes  1 

Culbertson  1 

Hftmmond  1 ....-,,, 

Patterson  1 

Beatty  1 

IClimickl 

I  Andrum  2 , , 

Nott 

Smith  Webber  2 

Brotherton2 

O.  G.Stfawl 

175 
205 

165 
206 

Myvsl 

Total  mmiber  wells 

Total  nmnber  off  tost 

Total  nnmbtf  tested 

Average  per  weU 

32 

5 

27 

318 

81 
4 

27 
320 

88 

4 

29 

309 

84 

6 

29 

807 

84 

5 

29 

302 

86 

4 

81 

806 

87 
5 

82 
296 

87 
7 

80 
80S 

80 

8 

81 

288 

39 

8 

31 

275 

80 

8 

81 

274i 

oWellBnotinase. 

The  average  closed  pressure  of  these  wells  is  shown  diagram- 
matically  in  Plate  II. 

The  capacity  of  the  wells — that  is,  the  quantity  of  gas  which  they 
are  capable  of  yielding  per  day — ^has  not  been  so  carefully  measured 
as  the  closed  pressure.  The  tests  are  more  difficult  to  make  and  involve 
considerable  loss  of  gas.  The  individual  wells  had  an  estimated  initial 
capacity  of  10,000,000  to  40,000,000  cubic  feet  of  gas  a  day  and  a 
"  settled  "  capacity  of  5,000,000  to  35,000,000  cubic  feet.  Estimates 
as  to  settled  production  are  unsatisfactory,  not  only  because  they  are 
rarely  based  on  careful  tests  but  also  because  there  is  no  such  thing 
as  a  fixed  settled  production.  The  capacity  decreases  continuously, 
and  though  not  so  rapidly  after  a  year  or  two  as  at  first,  the  decline 
continues  at  a  perceptible  rate. 

The  facts  that  Dallas  uses  only  about  12,000,000  cubic  feet  of  gas 
a  day  and  that  the  50  wells  of  the  Petrolia  field  are  reported  to  have 
capacities  of  10,000,000  to  40,000,000  cubic  feet  each  may  seem  to  the 
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casual  reader  incompatible  with  any  suggestion  of  shortage.  The 
fact  is,  however,  that  the  capacities  of  the  wells  are  not  so  great,  and 
for  various  reasons  it  is  not  possible  to  market  all  or  even  a  large 
part  of  the  capacity  of  wells.  The  general  conditions  should  be  re- 
garded by  all  as  calling  for  taking  good  care  of  the  supplies  available. 

Number^  thickness^  and  extent  of  the  sands. — ^Three  principal  and 
several  subordinate  sands,  all  more  or  less  lenticular,  yield  gas  in  the 
Petrolia  field,  the  three  principal  sands  being  more  than  1,500  feet 
below  the  surface.  As  reported  in  the  logs  of  wells,  the  average  thick- 
ness of  sand,  exclusive  of  dry,  oil,  and  water  sands,  is  about  30  feet. 
However,  many  wells  have  not  been  sunk  through  all  of  the  pay  sands, 
and  hence  the  average  ^^  pay  "  penetrated  in  the  wells  is  only  about 
25  feet. 

The  volume  of  pay  sand  in  the  Petrolia  field  can  not  be  determined 
with  great  precision,  but  a  fairly  accurate  estimate  may  be  made  from 
the  average  total  thickness  of  pay  sands  and  the  area  of  the  field. 
If  the  boundary  of  the  field  be  defined  as  shown  on  the  map  (PI.  I), 
so  as  to  include  the  main  mass  of  productive  wells,  its  area  is  a  little 
over  7i  square  miles.  This  boundary,  however,  leaves  out  the  "  Ninety- 
nine  "  well,  which  is  just  outside  the  area  mapped,  and  no  doubt  con- 
siderable areas  imderlain  by  gas-bearing  sand.  The  full  extent  of  the 
gas  pool  is  probably  about  15  square  miles,  an  area  indicated  by  the 
fact  that  the  favorable  structure  extends  beyond  the  borders  of  the 
field  as  now  developed,  by  the  relation  between  closed  pressures  and 
amount  of  gas  produced,  and  by  the  application  of  the  doctrine  of 
chances  to  the  percentage  of  successful  wells  about  the  margin  of  the 
present  field.  If  15  square  miles  be  taken  as  a  minimum  and  the 
average  thickness  of  pay  sand  30  feet,  the  total  volume  of  pay  sand 
is  about  12,545,000,000  cubic  feet. 

Pore  space  of  the  sands. — Fragments  of  the  producing  gas  sand 
large  enough  for  tests  of  pore  space  are  difficult  to  obtain,  but  a  few 
fragments  one-quarter  to  one-half  inch  and  one  2  inches  in  diameter 
were  procured.  Some  of  these  were  tested  by  C.  E.  Van  Orstrand 
and  some  by  the  writer  and  their  pore  space  was  found  to  range  from 
18.5  to  27  per  cent.  The  results  are  not  so  satisfactory  as  they  would 
have  been  if  more  and  larger  specimens  had  been  available,  but  it  is 
fairly  safe  to  assume  that  the  average  pore  space  of  the  sand  is  at 
least  20  per  cent  and  not  more  than  25  per  cent.  At  20  per  cent  the 
total  volume  of  pore  space  occupied  by  gas  in  the  known  gas  field 
would  be  about  2,609,000,000  cubic  feet. 

Original  amount  of  gas. — ^The  quantity  of  gas  ori^ally  in  the 
Petrolia  field  may  be  computed  roughly  from  the  total  volume  of  pore 
space  in  the  gas-bearing  rock  and  the  gas  pressure  at  the  time  the 
first  gas  well  was  drilled.  If  the  average  original  pressure  was  725 
pounds  to  the  square  inch  the  gas  would  have  occupied  a  little  more 
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than  one-fiftieth  of  the  space  it  would  have  occupied  at  8-ounce  pres- 
sure. If  the  area  originally  underlain  by  the  gas  were  15  square 
miles,  the  average  thickness  of  pay  sand  30  feet,  the  average  pore 
space  20  per  cent,  and  the  pressure  725  pounds  per  square  inch,  the 
original  quantity  of  gas  would  have  been  120,432,000,000  cubic  feet, 
which,  if  all  recovered  and  used  at  an  average  rate  of  10,000,000,000 
cubic  feet  per  year,  would  last  12  years.  The  production  could  not, 
of  course,  be  kept  up  at  this  rate  until  the  gas  had  been  exhausted, 
so  there  would  be  a  gradual  decline  in  the  production  and  the  life  of 
the  pool  would  be  somewhat  longer. 

Qualify  of  gas  thus  far  produced. — ^Tho  quantity  of  natural  gas 
produced  in  Clay  County  from  1907,  the  year  the  first  well  was 
drilled,  to  1915  is  about  37,000,000,000  cubic  feet.  This  figure  is  based 
on  the  statistics  showing  the  quantity  of  gas  marketed.  An  estimate 
based  on  the  pressure  gradient  and  the  thickness,  volume,  and  per- 
centage of  pore  space  of  the  sand  gives,  however,  a  considerably 
larger  figure,  and  it  seems  that  the  field  has  been  depleted  by  about 
60,000,000,000  cubic  feet,  the  difference  being  the  wasted  and  other 
unmarketed  gas. 

Quantity  of  gas  remaining. — ^Estimates  of  gas  in  the  earth,  based 
on  pressure  curves,  depend  for  accuracy  largely  on  the  fact  whether 
or  not  water  follows  up  the  gas  in  the  sand  as  fast  as  the  gas  is  re- 
moved. If  the  water  does  not  follow  up  the  gas  in  the  sand  then  the 
difference  in  closed  pressure  from  time  to  time  should  indicate  rather 
accurately  the  amount  of  gas  that  has  been  removed,  because  if  the 
volume  of  gas  remains  stationary  Boyle's  law  demands  that  the  quan- 
tity must  decrease  about  as  the  pressure  decreases.^  If,  however, 
us  the  pressure  decreases  water  flows  into  the  sand  because  it  has 
access  and  is  under  great  pressure,  the  closed  pressure  will  not  de- 
crease so  rapidly  as  the  volume  in  the  sand  decreases  on  account  of 
production.  If  a  very  large  volume  of  water  under  the  same  pres- 
sure as  the  original  gas  pressure  in  the  pool  had  free  access  to  the 
sand,  and  if  the  gas  were  removed  from  a  well  in  the  middle  of  a  pool, 
it  is  conceivable  that  water  might  follow  up  and  keep  the  pressure 
practically  as  high  as  the  initial  pressure  until  the  pool  was  ex- 
hausted. In  the  Petrolia  field  water  has  apparently  followed  up  the 
gas  to  an  appreciable  though  small  extent  so  that  the  closed  pressures 
are  not  a  close  index  of  the  rate  of  depletion,  but,  on  account  of  dis- 
continuity of  sands  and  consequent  lack  of  free  access  of  water,  the 
pressures  have  no  doubt  fallen  off  nearly  as  rapidly  as  the  volume 

^R.  F.  Earhart  and  S.  S.  Wyer,  In  manuscript  to  be  published  by  the  American 
Society  of  Mechanical  Engineers,  state  that  Boyle's  law  Is  not  closely  applicable  to  natural 
gas.  Samples  of  gas  were  found  to  expand  more  rapidly  than  the  pressure  decreases.  Pre> 
sumably  this  does  not  imply  that  Boyle's  law  needs  revision,  but  it  does  imply  a  molecular 
rearrangeniient  in  some  of  the  constituent  gases ;  also,  as  has  long  been  known,  many  gaseft 
do  not  expand  precisely  as  pressure  decreases,  even  though  npparently  no  molecular 
rearrangement  takes  place. 
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has  decreased.  The  basis  for  this  inference  is  (1)  that  the  pressures 
have  fallen  off  in  nearly  the  same  proportion  as  the  depletion  of 
the  field,  as  indicated  by  the  statistics  of  production,  probable  waste, 
and  computations  of  the  original  volume  of  pore  space,  and  (2) 
the  marginal  wells  have  not  yet  shown  a  much  greater  tendency  to 
"  go  to  water  "  than  wells  in  the  middle  of  the  fields.  Of  course,  it 
is  not  to  be  expected  that  there  should  be  a  regular  dropping  out  of 
wells  from  the  margin  toward  the  center  of  pools,  because  water  may 
take  the  place  of  gas  in  a  well  in  the  middle  of  a  field  on  account  of 
unusually  open  sand  about  the  well  or  because  an  unusual  quantity 
of  gas  may  be  taken  from  the  well,  for  water  generally  has  access  to 
the  pay  part  of  the  gas  sand  from  below  as  well  as  from  the  sides. 
Other  factors  also  may  prevail  to  keep  a  well  productive  or  to  render 
it  unproductive  notwithstanding  its  location. 

An  important  factor  in  the  length  of  life  of  any  gas  pool  is  the 
completeness  of  extraction  which  is  possible.  Because  of  irregulari- 
ties in  composition  and  structure  of  sand,  obviously  not  every  atom 
of  gas  can  be  taken  from  the  sand,  and  many  pools  have  been  aban- 
doned which  may  still  contain  a  considerable  quantity  of  gas.  How- 
ever, on  account  of  the  great  original  pressure  and  the  consequent 
relatively  small  original  volume  of  the  gas,  together  with  its  elas- 
ticity, it  is  apparent  that  when  the  pressure  in  a  well  has  been  reduced 
nearly  or  quite  to  zero,  the  percentage  of  the  original  amount  of  gas 
remaining  in  the  sand  and  having  access  to  the  well  must  be  low. 

Posaihility  of  extension  of  feld, — A  most  interesting  question  con- 
cerning any  discovered  gas  or  oil  field  is  whether  or  not  the  pro- 
ducing area  may  be  extended,  either  by  discovering  that  the  sands 
continue,  under  favorable  structural  relations,  into  neighboring 
areas,  or  by  finding  new  sands  in  the  areas  that  are  already  pro- 
ducing from  other  sands.  The  average  of  all  opinions,  estimates^ 
and  guesses  is  generally  well  reflected  in  the  prices  asked  and  given 
for  property  in  and  about  the  margins  of  the  pool,  and  it  is  inter- 
esting to  compare  such  opinions  with  those  based  on  a  geologic  sur- 
vey. Judging  by  real  estate  values  the  operators  in  the  Petrolia  field 
do  not  seem  to  expect  any  great  extension.  Land  about  the  margin 
of  the  productive  area  is  almost  as  cheap  as  land  at  some  distance 
from  it,  and  the  prices  of  oil  and  gas  land  within  the  area  seem  to 
depend  largely  on  the  quantity  of  oil  or  gas  now  being  produced. 
Indeed,  it  may  be  said  that  a  gas  well  in  the  middle  of  the  field  wilt 
not  bring  a  much  higher  price  than  the  cost  of  drilling  and  equip- 
ping the  well. 

On  the  other  hand,  the  results  of  geologic  work  indicate  that  th(^ 
field  is  likely  to  spread  laterally  in  one  or  two  directions.  The  atti- 
tude of  the  rocks  is  favorable  to  an  extension  of  the  field  a  mile  or 
two  beyond  the  limits  of  the  proved  area  both  to  the  east-northeast 
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and  to  the  west*northwest.  A  favorable  structure  in  the  area  to  the 
east-northeast  is  indicated  by  outcropping  beds,  the  altitudes  of 
which  at  many  points  were  determined  by  H.  M.  Robinson.  Con- 
tours based  on  these  altitudes  are  shown  in  Plate  I.  The  inferences 
formed  concerning  structure  in  the  area  to  the  west-northwest  are 
based  on  well  logs,  which  indicate  that  the  contours  open  out  in 
that  direction.  The  outcrops  in  this  area  are  not  sufficient  for  satis- 
factory structural  work,  so  the  precise  attitude  of  the  rocks  is  not 
known,  but  there  is  good  reason  to  expect  an  extension  of  the  field 
in  that  direction. 

The  stratigraphy  of  the  Permian  and  Pennsylvanian  formations 
indicates  that  they  include  many  beds  of  sandstone,  which  are  pretty 
well  distributed  from  top  to  bottom  and  many  of  which  are  adapted 
to  form  good  oil  and  gas  reservoirs.  Below  the  bottom  of  the  deep- 
est well  yet  drilled  in  the  Petrolia  field  there  are  several  sands  that 
may  form  good  oil  and  gas  reservoirs.  This  conclusion  is  further 
supported  by  the  logs  of  the  deepest  wells  drilled  in  surrounding 
territory.  For  example,  in  the  well  drilled  to  a  depth  of  nearly  4,000 
feet  on  the  Halsell  farm,  near  Henrietta,  sands  are  reported  at  fairly 
short  intervals  to  a  depth  of  2,400  feet,  and  occasional  thin  layers  of 
sand  are  reported  at  greater  depths.  The  well  recently  drilled  a  few 
miles  southwest  of  Waurika,  still  nearer  the  Petrolia  field,  shows  also 
numerous  sands  down  to  2,000  feet,  some  of  which  would  make  good 
oil  reservoirs  were  the  structure  and  other  conditions  favorable.  The 
log  of  the  Halsell  well,  samples  from  which  were  studied  by  Pro- 
fessor Udden,  is  given  in  his  report  on  this  region  and  also  in  M.  J. 
Munn's  report  on  the  Grandfield  district,  Oklahoma.  The  log  of  the 
lower  part  of  the  Waurika  well  is  given  below.  One  or  more  of  these 
deeper  sands  may  contain  gas  in  paying  quantities,  despite  the  fact 
that  one  or  two  lower  sands  already  penetrated  in  wells  within  the 
proved  field  are  barren.  One  of  these  barren  sands  in  particular  is 
known  to  some  drillers  as  the  "  Gulf  of  Mexico,"'  because  it  yields  im- 
mense quantities  of  salt  water.  The  fact  that  its  yield  of  salt  water  is 
so  great  may  indicate  that  a  short  distance  away  there  is  a  gas 
pool  under  great  pressure  which  forces  the  water  out  of  the  sand  and 
causes  the  wells  tapping  it  to  flow  copiously. 

The  history  of  most  gas  fields  justifies  the  inference  that  deeper  pro- 
ductive sands  may  lie  below  sands  now  producing.  This  inference  does 
not  apply  to  some  fields,  such  as  certain  Illinois  oil  fields,  where  the 
productive  sand  is  underlain  by  formations  that  do  not  contain  porous 
strata.  In  many  apparently  exhausted  pools,  however,  deeper  drill- 
ing has  struck  lower  productive  beds.  The  development  of  important 
though  not  great  extensions  of  the  producing  areas  in  the  sands  now 
tested  may  therefore  be  expected,  and  also  the  finding  of  some  gas  in 
underlying  sands  not  yet  touched  in  the  structurally  higher  parts  of 
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the  pool.  Since  as  a  general  rule  the  deeper  the  gas  sand  the  more  the 
gas  is  compressed,  any  gas  f  omid  below  the  sands  now  producing  is 
likely  to  be  under  high  pressure. 

Prohable  life  of  the  field. — By  plotting  the  average  closed  pressure 
of  all  the  weUs  of  the  field  month  by  month  in  the  form  of  a  curve, 
the  pressures  being  shown  as  abscissas  and  the  time  as  ordinates,  a 
formula  may  be  deduced  from  which  the  probable  life  of  the  field  may 
be  estimated  by  extrapolation  or  by  extending  the  curve  according  to 
the  formula.  An  estimate  of  the  length  of  life  of  the  Petrolia  field 
made  in  this  way  indicates  that  the  closed  pressure  will  reach  zero 
in  5  or  10  years. 

For  practical  purposes  three  additional  facts  must  be  taken  into 
consideration.  One,  which  has  already  been  noted,  is  that  the  pres- 
sure curve  is  probably  not  declining  quite  so  rapidly  as  the  loss  of 
supply,  because  water  and  oil  follow  up  the  gas  to  a  certain  extent 
and  keep  the  pressure  higher  than  it  would  otherwise  be.  The  second 
is  that  when  gas  is  under  high  pressure  in  the  presence  of  oil  a  con- 
siderable quantity  dissolves  in  the  oil  and  is  given  off  when  the  pres- 
sure is  relieved,  so  that  really  the  pool  originally  contained  and  still 
contains  more  gas  than  would  be  indicated  by  the  pressure  and  the 
amount  of  pore  space.  The  third  is  that  some  time  before  the  pres- 
sure  reaches  zero  it  will  become  impracticable  to  market  the  gas  unless 
some  special  device  is  used  to  make  complete  extraction  possible,  in 
which  event  the  life  of  the  field  will  be  lengthened  but  the  daily  out- 
put greatly  diminished. 

The  problem  may  be  approached  in  still  another  way.  Comparison 
may  be  made  with  other  gas  pools  now  abandoned  which  had  similar 
areas,  sands,  pressures,  and  market  demands.  Of  course  every  pool 
is  to  a  certain  extent  unique,  so  the  results  of  such  a  comparison  can 
not  be  precise.  The  approximation  has,  however,  much  value,  and  if 
the  length  of  life  of  the  Petrolia  field  as  now  developed  be  estimated  in 
this  way,  the  conclusion  is  reached  that  the  pool  will  last  five  or  six 
years  longer. 

The  above  figures  are  independent  of  the  probable  extension  of  the 
field,  both  as  to  area  and  as  to  number  of  producing  sands.  When 
allowance  is  made  for  these  facts  the  figures  are  increased  by  40  to  50 
per  cent,  and  after  making  proper  allowances  and  adjustments  the 
author  reaches  the  conclusion  that  the  Petrolia  field  will  produce  gas 
from  8  to  12  years  longer,  but  that  several  years  before  the  end  of 
this  period  the  annual  yield  will  begin  to  fall  off,  notwithstanding  the 
fact  that  new  wells  will  be  brought  in  and  that  powerful  pumps  will 
be  used  to  keep  the  production  up,  so  that  much  sooner  the  cities  of 
Dallas  and  Fort  Worth  will  need  to  look  to  other  fields  for  an  ade- 
quate supply  for  even  domestic  use. 
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Quality  of  gas. — ^The  chemical  constitution  and  heating  value  of  the 
gas  in  the  Petrolia  field  are  shown  by  the  following  typical  analyses : 

Analyses  of  three  samples  of  gas  from  Petrolia  field, 

[Nob.  6751  and  6752  are  from  Wichita  Falls  Oas  Co/s  No.  1  Matlock  well,  which  Bupplles 
the  town  of  Petrolia ;  the  third  sample  (X)  Is  from  Beatty  No.  1  well,  and  the  ffleures 
were  famished  by  the  Lone  Star  Gas  Co.  Bureau  of  Mines,  Noy.  19,  1016;  G.  A.K 
Bnrrell,  analyst.] 
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6751  and  6752.  Specific  gniTity  (alr^l),  0. 78;  heating  yalue  per  cubic  foot  at  0*  C.  and  760  milllmBters 
pressure,  755  British  thermal  units. 
3L  Spedflo  gravity  (air— 1),  0l76;  beating  value,  784  British  thermal  units. 

The  most  striking  and  importajit  characteristic  is  the  high  nitrogen 
content  of  the  gas.  On  account  of  the  large  percentage  of  this  inert 
element  the  heating  value  is  only  755  British  thermal  units,  or  about 
the.  same  as  that  of  artificial  coal  gas,  whereas  the  Mexia  and  many 
other  natural  gases  show  over  1,000  British  thermal  imits.  Another 
interesting  character  is  the  presence  and  quantity  of  the  ethane 
(CzHq)  reported  by  the  Bureau  of  Mines — a  gas  that  has  a  heating 
value  of  more  than  1,700  British  thermal  units  and  a  specific  gravity 
nearly  twice  that  of  methane  (CH^).  It  has  also  a  much  greater 
illuminating  value  than  methane.  The  ethane  suggests  a  relation  be- 
tween the  gas  and  associated  oil  and  next  to  the  nitrogen  constitutes 
the  most  important  point  of  difference  between  the  Petrolia  and  the 
Mexia  gas.  The  fact  that  it  is  possible  to  extract  considerable  gaso- 
line from  the  gas,  one  small  plant  for  this  purpose  being  already  in 
operation,  suggests  that  the  part  reported  as  ethane  includes  other 
substances. 

Numerous  tests  made  by  the  city  of  Dallas  seem  to  show  an  in- 
crease in  heating  value  of  the  gas  since  the  compressor  plant  was 
built  at  Petrolia,  the  rise  being  from  about  750  British  thermal  units 
to  about  800  British  thermal  imits  based  on  a  freezing  point  tem- 
perature and  30  inches  of  atmospheric  pressure. 

OTHER  KNOWN  GAS  FIEIiDS  IN  TEXAS  NORTH  AND 

WEST  OF  PORT  WORTH. 

ELECTBA-BUBKBXJIINETT  FIELD. 

The  oil-producing  sands  of  the  Electra-Burkbumett  field  are  prob- 
ably not  a  pot^tial  source  of  natural  gas,  though  some  wells  in  it 
have  capacities  of  more  than  a  million  cubic  feet,  but  it  is  possible 
that  small  pocrls  of  gas  exist  in  deeper  sands  not  yet  penetrated.    The 
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pertinent  facts  are  that  the  structure  in  the  Electra-Burkbumett 
field  is  favorable  to  the  accumulation  of  both  oil  and  gas,  though 
more  favorable  to  oil,  that  the  formations  are  such  as  yield  gas  else- 
where, and  that  sands  suitable  for  gas  reservoirs  have  not  yet  been 
reached  by  the  drill  in  many  parts  of  the  producing  field,  and  some 
have  not  been  reached  anywhere  within  it.  There  is  no  reason  to 
expect  that  the  field  will  ever  produce  much  gas,  though  it  may 
produce  enough  to  be  worth  piping  to  some  nearby  towns. 

STBAWN   OIL  AND  GAS  FIELD. 

The  Strawn  oil  and  gas  pool  lies  just  west  of  the  town  of  Strawn, 
in  the  southwest  comer  of  Palo  Pinto  County.  The  most  thickly 
drilled  portion  of  the  field  is  about  2  miles  west  of  the  town,  where 
most  of  the  wells  are  oil  wells.  Most  of  the  gas  wells  are  1  to  2  miles 
south  of  the  main  oil  area,  though  there  are  some  gas  wells  among 
the  closely  spaced  oil  wells.  Other  oil  and  gas  wells  are  scattered 
over  an  area  2  or  3  miles  from  east  to  west  and  9  miles  from  north 
to  south,  and  among  them  are  several  dry  holes.  The  field  is  only 
about  a  year  and  a  half  old,  but  about  100  wells,  most  of  which  are 
producing,  have  been  drilled.  Many  of  these  wells  are  productive, 
and  the  output  of  oil  is  now  said  to  be  400  or  500  barrels  of  oil  a  day. 
The  combined  capacity  of  the  gas  wells  is  probably  about  50,000,000 
cubic  feet  per  day.  Most  of  the  wells  are  between  800  and  1,000  feet 
deep  and  have  been  drilled  with  Star  machines.  Gas  was  found 
some  time  before  oil. 

The  rocks  at  Strawn  belong  to  the  Canyon  and  Strawn  formations 
(Pennsylvanian)  y  and  the  pool,  like  the  one  at  Moran,  though 
stratigraphically  considerably  lower,  is  in  strata  which  are  favorable 
to  the  formation  and  accumulation  of  both  oil  and  gas.  The  beds  are 
of  the  same  age  as  others  that  contain  oil  and  gas  elsewhere,  they  are 
carbonaceous,  they  have  numerous  sands  of  varying  porosity,  and 
they  have  not  been  tilted  about  and  disrupted  until  the  oil,  gas,  and 
salt  water  have  been  washed  out  or  allowed  to  escape.  The  struc- 
ture, as  determined  by  H.  M.  Robinson  and  C.  W.  Hammen,  and 
shown  in  Plate  III,  is  roughly  that  of  a  dome  on  a  terrace  and  is 
favorable  to  the  accumulation  of  oil  and  gas.  The  dome  is,  however, 
flat  or  low — ^much  lower  than  that  at  Petrolia — and  this  fact,  to- 
gether with  the  well  data,  suggests  that  the  volume  of  oil  in  the 
sands  is  greater  than  that  of  gas.  The  general  dip  is  northwest 
about  70  feet  to  the  mile.  The  field  is  little  more  than  half  as  far 
from  Fort  Worth  and  Dallas  as  the  Petrolia  field  and  is  a  possible 
source  of  gas  for  those  cities,  but  the  present  capacity  of  the  field  is 
not  nearly  great  enough  to  warrant  piping  so  far,  and  it  is  somewhat 
doubtful  whether  even  if  it  were  entirely  drilled  the  field  would  fur- 
nish so  great  a  quantity  of  gas  as  to  warrant  piping  to  Fort  Worth. 
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Logs  of  two  wells  showing  the  number,  thickness,  and  distribution 
of  the  sands  are  given  below. 

JmO  of  Palo  Pinto  Oil  Co.*8  iPell  No.  5,  on  the  Sirenson  farm,  2  miles  irest  of 

StraidHf  TeTt, 


Son  and  clay 

Water,  sand,  and  gravel.. 

Shale,  blue 

Lime,  hard 

Shale,  blue 

Shale,  hard ,  and  bowlders 

Shale,  blue 

Red  rock 

Shale,  blue,  and  bowlders 

Sand 

Shale,  blue 

Sand 

Shale,  bine,  and  bowlders 

Gas  sand 

Shale,  blue 

Sand,  broken 

Hard  water  sand 

Oil  sand 

Sand,  blue 


Thick- 
ness. 

Depth. 

Feet. 

Feet. 

10 

10 

10 

20 

50 

70 

27 

97 

113 

210 

12 

222 

38 

280 

25 

285 

285 

570 

5 

575 

19 

594 

10 

604 

161 

765 

5 

770 

454 
22} 

815i 

838 

1 

839 

4 

843 

1 

844 

Loff  of  Bcndmm  d  Trees  well  No.  1,  on  Ackermann  tract,  in  southwest  comer 

of  Palo  Pinto  County. 


Sandstone 

Limestone,  hard 

Shale,  blue 

Red  rock 

Limestone,  hard 

Shale,  blue 

Limestone  and  sandstone. . . 

Shale,  bine 

Sand,  hard,  gray 

Shale,  blue 

Sand,  hard,  show  of  oil 

Lim<*stone  shell 

Shale,  blue 

Limestone  shell 

Shale,  blue 

Limest^me,  blue 

Shale,  blue 

Sand,  close,  show  of  oil 

Sand  and  snale 

Sand,  hard,  red,  show  of  gas 

Sand,  water 

Shale,  blue 

Shale,  sandy 

Shale,  blue 

Shale,  sandy 

Sand,  water 

Shale,  blue 

Sand,  water 

Limestone  shell 

Shale,  blue 

Shale,  sandy 


Thick- 
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Depth. 
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Feet. 

44 

44 

41 

85 

315 

400 

15 

415 

9 

424 

476 

900 

18 

918 

27 

945 

19 
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41 

1,005 

17 

1,022 

8 

1,030 

30 

1,060 

6 

1,066 

39 

1.105 

4 

1,109 

50 

1,165 

10 

1,175 

7 

1,182 

6 

1.188 

37 

1,225 

45 

1,270 

10 

1,280 

25 

1,305 

69 

1,374 

9 

1,383 

9 

1,392 

9 

1,401 

3 

1,404 

31 

1,435 

11 

1,446 

Some  small  faults  have  been  observed  near  Strawn.  In  the  Mount 
Marion  mine  a  fault  trending  N.  75°  W.  and  having  a  downthrow 
on  the  southwest  side  of  15  feet  has  been  traced  for  3,000  feet. 
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A.  generalized  section  of  the  rocks  exposed  in  the  Strawn  field  has 
been  compiled  by  H.  M.  Bobinson  and  is  given  below : 

OenerMzed  section  of  rocks  exposed  in  Strawn  oU  and  gas  field,  Texas. 

Feet 
Conglomerate,  chert,  and  quartz  pebbles,  with  siliceous  cement;  pebbles 

average  one-fourth  inch  in  diameter,  fairly  well  rounded 1 

Limestone,  weathers  gray ;  fresh  surface  shows  numerous  calcite  velnlets; 
contains  a  bed  of  conglomerate  1  foot  thick;   makes  top  of  Loyd 

Mountain 45 

Shale,  gray 10 

Limestone,  sandy ;  numerous  crinoid  stems  and  other  fossils 5 

Clay,  bluish  gray ;  numerous  white  streaks  and  blotches 5 

Shale,  sandy 5 

Sandstone,   buff,    loosely   cemented,    irregularly   bedded;    cross-bedding 

common 15 

Shale  and  clay,  bluish  gray 15 

Sandstone  and  sandy  shale ;  sandstone  is  buff  and  on  the  whole  is  irregu- 
larly bedded ;  cross-bedding  common 55 

Interval  for  most  part  grassed;  presumably  made  up  mostly  of  shale; 

some  sandy  shale  and  one  or  two  limestones  each  about  a  foot  thick 110 

Limestone,  resistant,  exposures  poor ;  estimated  thickness 2 

Shale  and  shaly  sandstone ;  exposures  poor 20 

Sandstone,  light  brown,  massive,  thick  bedded,  grains  medium  size  and 
fairly  well  rounded ;  weathers  to  dark  rusty  brown,  massive,  irregular 

blocks;  generally  closely  cemented 3 

Sandstone,  brown,  massive,  loosely  cemented  in  some  portions ;  some  por- 
tions very  friable,  slightly  coarser  grained  than  member  inunediately 
above.  Grains  mostly  quartz.  Pore  space  comparatively  large  in  some 
parts  of  the  member.  In  some  places  minute  cross  beds  less  than  an 
inch  thick  are  evident.  Olive-colored  specks  as  large  as  a  small  pea  and 
imperfect  cross  bedding  are  common  in  lower  part.    Cross  beds  average 

about  1  foot  in  thickness 50 

Sandstone  very  similar  to  that  above  but  contains  much  more  iron.  Ap- 
parently because  of  irregularity  in  distribution  of  the  cementing  material, 
the  sandstone  weathers  into  very  irregular  shapes.  In  lower  portion  of 
member  are  some  light-brown  specks  and  streaks  which  are  probably 

FeCO. 10 

Interval  of  grassy  slope,  more  gentle  than  the  upper  concealed  interval, 

probably  friable  sandstone,  light  gray 12 

Limestone,  very  arenaceous.  This  member  forms  the  top  of  the  first  ter- 
race below  top  of  the  main  ridge  in  the  field.  Light  gray,  weathering 
darker,  fine-grained,  fairly  well  cemented,  weathered  surface  hard  and 
smooth.  This  member  contains  a  resistant  ledge  Just  above  the  fossil 
horizon,  which  is  the  key  rock  used  for  the  structure  map  (see  PI.  Ill)  —  10 
Limestone,  light  gray,  beds  rather  thin,  averaging  1  to  2  inches.  Highly 
fossiliferous.    Abundant  crinoid  stems,  Productus   (?),  and  Bryozoa 

(?) ;  breaks  with  an  Irregular  fracture 12 

Sandstone,  cream-colored,  very  fine  grained.  Calcareous.  Bedding  fairly 
well  developed;  beds  average  about  4  inches  thick;   well  cemented. 

Weathers  darker  In  color 7 

Shale,  sandy  at  base  and  top,  light  buff 8 
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Sandstone,  very  calcareous;  abundant  crinoid  stems;  some  as  large  as  1  Feet 

inch  in  diameter  and  several  inches  long 1 

Shale,  sandy,  and  thin  sandstone  beds  2  inches  to  1  foot  tliick;  tan- 
colored  in  the  main 60 

The  quality  of  the  gas  is  shown  by  the  following  analyses : 

Analyses  of  two  samples  of  gas  from  Straton  oU  and  gas  field, 

[No.  6838  l8  from  Stuart  Broe.*  well  No.  10  (Texas  Pacific  Coal  Co.  No.  37),  from  pipe 
line  one-fourth  mile  from  well.  No.  6839  Is  from  Texas  Pacific  well  No.  16,  from  pipe 
line  1  mile  from  well.  Collector,  H.  M.  Robinson.  Bureau  of  Mines,  Dec.  17,  1915. 
G.  A.  Burrell,  analyst.] 
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MOBAN  OIL  AND  QAS  FIELD. 

The  Moran  oil  and  gas  field  lies  southeast  of  Albany,  near  the 
southeast  comer  of  Shackelford  County.  The  40  or  50  producing 
wells  are,  as  at  Strawn,  scattered  over  an  area  2  or  3  miles  across,  and 
among  them  are  occasional  dry  holes.  Most  of  the  oil  wells  are  from 
1  to  2  miles  west  of  the  town,  and  the  gas  wells,  which  are  much 
less  numerous,  are  to  the  east  of  the  oil  wells.  The  yields  of  the 
wells,  even  of  wells  that  are  close  together,  differ  greatly.  One 
5-barrel  well  is  only  one  location  from  a  600-barrel  well,  which  is 
only  two  locations  from  a  dry  hole,  and  one  location  farther  there  is 
a  well  which  at  first  yielded  only  a  show  of  oil,  then  25  barrels  a 
day  and  a  good  showing  of  gas,  and  then  went  dry.  Another  well 
is  reported  to  have  made  3,000,000  cubic  feet  of  gas  for  about  four 
days  and  then  to  have  changed  abruptly  to  an  oil-water  well. 

It  has  been  known  for  years  that  the  field  contained  natural  gas  in 
paying  quantities,  but  active  drilling  did  not  begin  until  1913.  Ex- 
citing interest  in  the  field  began  when  the  No.  1  Wild  came  in  with 
a  reported  yield  of  20  to  30  barrels  of  oil  at  the  start  and  40  to  50 
barrels  a  little  later.  The  No.  1  Edwards  yields  100  to  200  barrels 
of  light-gravity  oil,  reported  to  be  45°  BaumS,  from  a  depth  of  a 
little  more  than  2,500  feet. 

The  facts  concerning  the  Moran  field  that  are  of  principal  interest 
to  the  people  of  Dallas  and  Fort  Worth  are  that  the  geology  of  the 
district  appears  to  be  favorable  to  the  existence  of  a  valuable  pool  of 
oil  and  gas;  that  the  rocks,  except  those  near  the  surface,  belong  to 
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the  Pennsylvanian  series,  which  oommonly  contain  much  gas;  tiiat 
the  beds  are  carbonaceous,  as  they  commonly  are  in  oil  and  gas 
regions ;  and  that  the  sands  are  lenticular  and  have  not  been  so  dis- 
turbed as  to  cause  the  oil,  gas,  and  salt  water  to  be  washed  out  of 
them. 

The  field  is  evidently  capable  of  producing  considerable  gas,  though 
the  present  indications  are  that  its  yield  will  not  be  great  enough  to 
pay  for  a  pipe  line  to  Fort  Worth  and  Dallas,  which  are  farther 
from  it  than  from  Petrolia.  Several  logs  showing  the  approximate 
number  and  thickness  of  sands  and  other  features  of  the  stratigraphy 
in  various  parts  of  Shackelford  County  are  given  below : 

Driller' 8  log  of  icell  No.  1  on  Terry  farm,  Shackelford  County,  Tex.,  southeast 

comer  8W.  i  block  47,  Lunatic  Asylum  land. 


prilled  August  1  to  December  5, 1912.] 


"Surface" 

Shale,  blue 

Red  mud 

Limestaae.gray 
"Slate,"  wlute.. 

Red  mud 

Limestone 

Red  mud 

Shale,  blue 

Shale,  dark 

Red  mud 

Llmestoue 

Red  mud 

Limestone 

"Slate,"  white.. 

Shale,  red 

Sand,  gray 

Limestone,  blue. 

Limestone 

Shale,  red 

Red  rock 

Shale,  blue 

Limestone,  gray. 
"Slate,"  wiflte.. 

Limestone 

Shale,  dark 

Shale,  light 

Limestone 

Shale,  white 

Sand,  blue 

Red  rode 

Sand,  show  oil.. 
"Slate/' black.. 
Limesume,  gray 

Red  rock 

Brown  shells 

Phik  shells 

Lime,  gray 

Shale,  gray 

Red  rock 

Sand,  water 

Shale,cray 

Shale,  orown . . . 

Shale,  eray 

Shale,  Drown.... 

Shale,  gray 

Limestone,  gray 

Shale,  gray. 

Sand,  salt  water 

Shale,  gray 

Limestone,  gray 
Sand,  gray 


Depth. 


Fta, 

130 

SO 

30 

10 

40 

25 

10 

15 

25 

25 

30 

5 

15 

10 

40 

20 

5 

15 

10 

5 

45 

25 

10 

15 

5 

10 

25 

5 

16 

10 

5 

2 

3 

5 

10 

5 

25 

25 

50 

30 

20 

120 

30 

80 

20 

40 

10 

40 

50 

5 

6 

5 


Fert. 
130 
ISO 

aoo 

210 
350 
235 
285 
300 
325 
350 
380 
3S5 
400 
410 
450 
470 
475 
490 
500 
505 
550 
575 
586 

eoo 

605 
615 
640 
645 
660 
670 
675 
677 
680 
685 


TOO 
725 
7S0 
800 


850 
010 
1,000 
1,080 
1,100 
1,140 
1,150 
1,190 
1,240 
1,246 
I,2S0 
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Driller's  log  of  well  No.  1  on  Terry  farm,  Shackelford  County,  Tew. — CoDtinued. 


"Slate"  and  shells 

LimeBtane.  white 

"Slate"  Uack 

Sandy limestaDe  and  water. 

Limestaoe,  white 

Umestane,  blue 

Limestone,  white 

Water 


6-mch  casins 

Limestone,  Bine 

Limestone,  crystalline . 

"Slate" 

limestone,  white 

"Slate."  white 

Limestone,  white 

"Slate,"  bine 

Sand,  water. 


6-inch  casing 

Limestone,  bine 

Limestone,  white 

Limestone,  black,  water 

"Slate,"  Iflack 

Limestone,  white 

"Slate,"  black 

Band,  white 

Sand,  black 

Sand. 

Show  of  oU  at  2,280-2,285  feet. 
Sand,  white 

4f>hich  casing  set  at  2,300  feet. 

"Slate/' black 

Limestone,  white 

"Slate  "black 

Limestone,  white,  shells 

"Slate  "black.... 

Limestone,  white 

Limestone,  white,  gritty 

Red  shell  and  cave 

Limestone,  white 

"Slate,"  black 

Limestone,  white 

Shale,  blue 

Limestone,  white 

Shale,  blue 

Sand,  dark  gray,  hard,  no  water — 

Shells 

Limestone,  white,  gritty 

Water  filled  up  hole  500  feet. 


Thick- 
ness. 


Feet. 
95 
130 
50 

5 

145 

80 

30 

10 

5 
10 
25 
10 
70 
90 
10 

6 

4 

25 
25 
10 
65 

5 
60 

5 

20 
35 
15 

15 

50 
10 
40 
40 
10 
40 
25 

5 
10 

5 
15 
80 

5 

110 

20 

30 


Depth. 


Feet. 
1,350 
1,480 
1,530 
1,535 
1.680 
1,760 
1,780 
1,790 
1,795 
1,805 
1,830 
1,840 
1,910 
2,000 
2,010 
2,016 
2,020 
2,045 
2,070 
2,060 
2,146 
2,150 
2,210 
2,215 
2,235 
2,270 
2,285 

2,300 

2,350 
2,360 
2,400 
2,440 
2,450 
2,490 
2,515 
2,520 
2,530 
2,535 
2,550 
2,630 
2,635 
2,745 
2,765 
2,795 
2,795 


I^og  of  Corsicana  Petroleum  Co.*8  well  No.  1  on  the  Weddington  farm,  in  Shackel- 
ford County,  Tex. 


[Contractor,  J.  W.  Dyson.    Drilled  April  to  August,  1912.    Cashig:  13  hich,  416  feet;  10  hich,  1,116  feet; 

8  Inch,  1,520  feet;  6  inch,  1,785  feet;  5  inch,  2,720  feet.] 


Shale,  red 

Limestone 

Shale,  dark 

Limestone 

Shale,  white 

Shale,  red 

Limestone,  soft 

Shale,  white 

Lignite,  black 

"SEte."black 

Sand  (6  boilers  of  water) 

"Slate,"  white 

Limestone  ..>>«.. 

Coal 

<«B1ate,"  black 

''SUte/'wbJta 


Thick- 
ness. 

Depth. 

Feet. 

Feet. 

30 

30 

4 

34 

40 

74 

5 

79 

60 

129 

21 

150 

35 

185 

10 

195 

5 

200 

15 

210 

35 

255 

60 

300 

5 

305 

5 

310 

20 

330 

10 

340 
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Log  of  CorHcana  Petroleum Co*a  weU  Xo.  1  on  the  Weddingion  farm  in  Shackel- 
ford County,  Te«.>-Gontinned. 


Sttnd , 

Shflie,  white... 
Send,  white.... 
"Slate,"  white. 

I/illMStGDe. . .  .• 


"Slate."  white. 
I/fmestone. . . . . 


"Slate,"  black 
LinMBtfloe.... 


"Slate."  white,  and  limestone 
"Slate,"  black,  and  UnMstcoe. 


"Slate^'  and  lifnfiWflne 

"Slate"  and  sheU 

LinMBtflDe.  sandy 

"Slate,"  bbck 

Sand.. 


'Slate."  black 

Limestooe* 


«f 


Slate,"  white.. 
Limestone. 


'<  Slate,"  white. 
Red  cave. 


"Slate"  and  Umestone. 
Blade  cave 


"Slate,"  white. 
Sand 


"Slate,"  black... 
Sand  and  abale... 
Limestone. 


Shale,  bUuk. 
Limestone 


Sand,  white. 

"Slate"  and  shells. 

"Slate,"  white 

Limestone. 


"Slate,"  black,  and  shells. . . . 

Limestone,  sandy 

"Slate"  and  limestone  shells. 

Shale,  black 

Limestooe  and  slate. 

Shale,  pink. 


Limestone.. ... 

"SUte" 

Limestone. 


Limestone,  sandy 

"Slate"  and  shells 

Limestone,  sandy 

"Slate"  and  shell 

Limestone,  hard 

"SUte" 

Limestone,  hard 

"Slate,"  white 

Sand,  white 

"Slate" 

Limestone,  black,  hard. 

"SUte."  black 

Limestone,  sandy 

"SUte"  and  sheU 

"SUte" 

Bottom  dry. 


35 
10 
20 
5 
10 
« 
10 
80 
15 

ao 

25 
25 
80 
15 
« 
15 
flO 

6 
50 

9 
20 
15 
110 
40 
10 
12 

5 
28 
15 

4 

100 

flO 

135 

10 

11 

80 

SO 

110 

90 

SO 

55 

20 

80 

80 

40 

425 

10 

40 

8 
12 

5 
10 

0 

6 

5 
35 
40 
80 
49 


Depth. 


410 


460 
470 
550 


610 


715 
730 
730 
7SS 
845 
8S1 
901 
910 


1,066 
1,086 
1,106 
1,117 
1,123 
1,150 
1,165 
1,169 
1,329 
1,S80 
1,5M 
1,534 
1,545 
1,635 
1,675 
1,785 
1,875 
1,925 
1,960 
2,000 
3,080 
2,160 
2.300 
2,635 
2.635 
2,675 


2,605 
2,700 
2,710 
2,719 
3,735 
3,730 
8,765 
2,905 
2,985 
3,034 


Loff  of  Retinoids  No,  1  toeU,  S  mUes  north  and  half  a  mile  west  of  Albany, 

Bhackelford  County,  Tex. 

[Drilled  from  Sept.  33, 1913,  to  ICar.  22, 1914.] 


Smfaoe 

Limestone. . 
Shale,  white 
Shale,  pink. 
Shale,  blue.. 


Thick- 
ness. 

Depth. 

FM, 

.Ffeef. 

40 

40 

12 

53 

13 

65 

10 

75 

20 

95 
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Log  of  Reynolds  No,  1  well,  S  miles  north  and  half  a  mUe  west  of  Albany^ 

Shackelford  County,  Tex, — Continued. 


Ltanestoae  and  shells  and  white  "slate''.. . . 

Bock,  red 

Shale,  blue 

Shale,  pink 

Shale,  blue 

Shale,  gray. 

Limestooe 

Shale,  blue. 

Rock,  red 

Limestone  shells 

Shale,  gray. 

Bock,  red 

Shale,  white 

Limestone 

Shale,gray 

Limestone 

Shale,  eray 

Slate,  black 

Limestone 

Slate,  gray 

Rook,  red. 

Limestone 

Rock,  red 

Shale,  black. 

Limestone. 

Shale,  brown. 

Rock,  red 

Shale,  brown,  show  of  oil 

Shale,  white 

Shale,  brown. 

Shale,  blue. 

Limestone 

Rock,  red 

Limestone 

Shale,  white 

Limestone,  white. 

Rock,  red 

Shale,  white 

Limestone,  white 

Shale,  white 

Rock,  red 

Shale,  white 

Water  sand 

Shale,  white. 

Limestone,  ^shite.. 

Shale,  black. 

Limestone 

Lime,  sandy 

Shale,  black 

Limestone,  hard,  shell 

Shale,  soft,  dark. 

Limestone  shells 

Shale,  gray 

Limestone  shells 

Shale,  soft,  dark 

Do 

Shale,  sandy,  and  water 

Water  sand 

Limestone  shells  and  sand 

"  Slate,"  sandy,  very  hard 

Limestone,  Tsry  hard 

Shale,  gray 

Limestone 

Shale,  dark 

Limestone,  hard 

Bock,  red 

Limestone  shell 

Shale,  gray 

Limestone. 

Shale,  blue 

Shale,  dark 

Water  sand 

Limestone,  sandy 

Shale,  blue 

Shale,  gray 

Shale,  dark. 

'^  Slate."  dark 

Limesume  (3  bollflrs  water  per  hour) 

Shale,  dark 

2W88°— Bull.  «»— 16 i 


Fert, 
85 
45 
35 
10 
15 
135 
25 
10 
12 
18 
40 
15 
20 
25 

6 
10 
25 
10 
25 
35 
20 
15 
30 
30 
15 
35 
10 
10 
15 
35 
30 
15 

5 
10 
55 
95 

5 
05 
20 
40 
10 
30 
40 
10 
85 
75 
60 

7 
28 

5 
85 
10 

5 
10 
60 
20 
25 
20 
40 
20 
45 
10 
10 
35 

5 
20 

5 

5 
35 
25 
15 
30 
15 
40 
15 
35 
10 
20 
25 


Depth. 


Feet. 
ISO 
225 
260 
270 
285 
420 
446 
456 
407 
485 
525 
510 
560 
585 
590 
600 
626 
635 
660 
603 
715 
730 
760 
790 
806 
840 
850 
860 
875 
010 
040 
955 
960 
070 
,025 
120 


1, 
1. 


1, 

1, 

1, 

1, 

1. 

1. 

1, 

1. 

1 

1 

1, 

1, 

1, 

1, 

1 

1 

1, 

1. 

1 

1 

1 

1 

1, 

1. 

1 

1 

1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


125 
190 
210 
250 
260 
290 
330 
340 
425 
500 
560 
567 
595 
600 
685 
695 
700 
710 
770 
790 
815 
836 
875 
895 
940 
950 
960 
995 
000 
020 
025 
030 
066 
090 
105 
135 
150 
190 
205 
240 
2:0 
2,270 
2,296 
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Log  of  Reynoids  No,  1  weU,  S  mUea  north  amd  half  a 

Shackelford  County,  Tex. — Gontiniied. 


8aod,dr7,gni7 

1  unnifona.... 

RaJe^dark. 

Limestone. 

Sand,  gray,  dry 

Limestone 

Lime,  sandy,  water. 

Lime 

Sand,  dry 

Lime 


Sbale,  black 

Limestonet  black 

Sbale,  black 

Limestbne,  water  4  bofler?. 

Sbale,  black  (top) 

TJme. 


Sbale,  gray 

Limestone........ 

Sbale,  blue 

Limestone,  bhie.. 

Water  sand 

Limestone 


OJ  AW 

any. 

Thirk- 

DepUL 

FuL 

FktA. 

9 

2.3M 

9 

2,3U 

282 

2.5K 

5 

2.600 

5 

3,00) 

» 

2.CS 

3 

2.«27 

38 

2,e» 

5 

3,c:ti 

87 

2,757 

20 

2,777 

83 

2,W 

5 

2,»3 

35 

2,900 

5 

2.9ilS 

7 

2.912 

13 

2,923 

87 

3.0U 

1         73 

3.  OS 

t         35 

3,130 

30 

3.150 

7 

3,157 

Log  of  well  on  Cauble  ranch,  in  Shackelford  County,  Tex.,  near  northeast 

of  county  {north  of  Clear  Fork). 


[Drflfed  Hay  31  to  Sept.  1ft,  UIX] 


"Cellar", 
.red. 


Clay, 


Sbale 

Limestone,  wbite. 

Sbale,  white 

Limestone .  bard . . 

Sbale,  white 

Rock. red 


Sand,  white,  salt  water. 
Limestone,  white,  soft . 

Rock,  red,  top 

Limestone,  wbite 

ShalR,  white 

Limestone,  black,  bard. 

Shale, white 

Rock.  rod. 


Sand,  gray  (little  gas) , 

Shale,  white 

Rock,  red 


Limestone,  wbite 

Shale, white 

Limestone,  wbite,  bard . 

Shale, white 

Sand,gray,dry 

Rock. red. 


Sholo,  white 

Sand,  white  (salt  water) . 

Shale,  white 

Shale,  black,  soft 

Shale,  white 

Rock,  rod 


Sand,  black 

Shale,  black 

Limestone  shells. 
Limestone,  white. 
Rock.  red. 


Sand  (saltwater). 

Shale,  white 

Ldmestooe,  white. 


10 
80 
10 
40 

5 
13 

3 
91 

5 
25 
35 
50 
10 
55 
10 
50 
25 
10 
70 
13 
18 
20 
10 
30 
10 
30 
70 
25 
7S 
20 
150 

6 
62 
11 
24 
22 
30 
1ft 
46 

« 


Depth. 


10 
9D 
UO 
140 
l« 
15S 
161 


330 
370 
380 
43S 

445 

415 
520 


ftl2 


700 

730 


,030 
•07S 

.138 

.lO 
,1M 
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Log  of  well  on  Cauhle  ranch,  in  Shackelford  County,  Tex. — Continued. 


Bock,  red 

Umaatane,  daik 

lUx^^red 

Linmtooa,  gray 

LimaBUme,  black 

"Slate/' white 

Sand,  blade 

Sbala,  black 

Lim«staDe.  white 

eOiale,  black 

LimflBtene,  gray,  Uttla  water 

Limestone,  white 

limestone,  black 

Shale,  bhKuc 

Limestofoe.  hard,  gray 

Shale,  black 

LimeBtane,hard,BheU8 

Shale,  bhM^ 

Limestone,  gray,  and  hard  ahella 

Shale,  blade 

Sand,  black,  salt  water 

Limestone,  white,  hard 

Shale,  bhick 

Limestone,  gray.. 

Shale,  black 

LimeBtoine,gray 

Shale,  bhick 

Limestone,  gray 

Shale,  blacac 

Limestone,  gray,  hard 

Shale,  black 

Limestone,  black,  top 

Shale,  white 

Limestone,  gray,hanl 

Shale,  blue 

Limestone,  gray,  shells 

Shale,  black 

Limestone  sheila 

Shale 

Top sand 

Sand,  black 


Thfck- 
neas. 

Depth. 

Feet. 

FeeL 

42 

1,390 

20 

1,360 

85 

1,385 

25 

1,410 

30 

1,440 

60 

1,490 

40 

1,530 

130 

1,660 

21 

1,600 

270 

1,960 

6 

1,966 

34 

2,000 

12 

2,012 

28 

2,040 

150 

2,200 

40 

2,240 

12 

2»?S 

26 

2,278 

0 

2,284 

11 

2,295 

18 

2,313 

17 

2,330 

35 

2,365 

12 

2,377 

63 

2,440 

6 

2,446 

9 

2,455 

25 

2,480 

20 

2,600 

60 

2,560 

15 

2,575 

4 

2,579 

61 

2,640 

130 

2,770 

37 

2,807 

18 

2,826 

20 

2,845 

30 

2,875 

42 

2,917 

31 

2,948 

30 

2,978 

Log  of  Nelson  No,  1  well,  3  miles  north  and  1  mUe  west  of  Moran,  Tex.,  200  feet 
north  of  south  line  and  800  feet  west  of  east  line  Nelson  lease, 

17.  M.  Gofley  Petroleum  Co.  (}),  Treat  Crawford  (|),  Lone  Star  (}).  Contractors,  Halfest  &  Easton. 
Drilled  Nor.  16, 1914,  to  Feb.  11, 1015.  Casing:  u}  inch,  455  feet;  10  inch,  1,092  feet;  8  hich,  1,560  feet: 
einch,  l,SB7feet.] 


Surface  soil 

Shale,  blue 

Bock, 

Limestone  shell.. 

Brown  mud 

Limestone  shell. . 

Brown  mud 

Limestone  sheU. . 

Shale,  blue 

Boek,red 

•*  Slate,"  white. . 

Shale,  blue 

Limestone 

Shale,  blue 

Limestone ....... 

Shale,  white. ... . 

Sand,  show  of  oil 
Rock,  red  •...•••. 

Brown  mud 

Rock,  red  —  -  — 

Brown  mud 

Limestope.. 

Shale,  bfown. , . .  ■ 


Thick- 
ness. 

Depth. 

IM. 

Feet. 

35 

35 

10 

45 

5 

50 

3 

53 

5 

58 

7 

65 

20 

85 

6 

90 

5 

05 

5 

100 

20 

120 

10 

.     130 

6 

136 

19 

155 

10 

165 

35 

200 

10 

210 

20 

230 

10 

240 

10 

250 

10 

260 

15 

375 

20 

396 
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Log  of  HeUfm  No.  1  iceU,  3  mUe»  north  and  I  mile  weat  of  Moran,  Tex. — Con. 


ahal»,t>la(^" .'....'. 

"■UMWit 

od,  ult  nter  (bolt  lull) . . 


"Blate,"  while... 

Sbale.U^t 

Llmnstoiia 

Bbale.ivi 

Sbale.bbck..... 


Witetitl^IsM. 


BIuIb,  light 

Bhale,  black 

Umnlme 

Water  Bt  1,342-1^73  !«• 
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PAIiO  PINTO  GAS  SHOWINQ& 

The  possibility  of  developing  gas  or  oil  in  the  region  north  of  Palo 
Pinto  has  recently  been  discussed  by  Wegemann/  who  suggested  that 
tests  be  made  of  deeper  sands  in  the  vicinity  of  the  Dalton  well  on  the 
Kyle  Mountain  anticline.  The  structure  of  the  region,  including  a 
plunging  anticline  and  minor  lateral  folds,  was  correctly  described 
by  Mr.  Wegemann  though,  through  inadvertence,  it  was  erroneously 
contoured  on  the  map.  A  revision  of  the  contouring  has  recently 
been  published  by  L.  J.  Pepperberg.'  Mr.  Wegemann  suggests  a  test 
of  a  small  anticline  4  miles  north  of  the  Brazos  River  bridge  on  the 
Palo  Pinto-Graf ord  road,  should  an  adequate  test  of  the  Kyle  Moun- 
tain anticline  prove  successful. 

Gas  showings  of  greater  or  less  size  have  been  found  in  various 
parts  of  Palo  Pinto  County.  A  good  showing  of  both  gas  and  oil  has 
been  found  in  a  2,600-foot  well  recently  drilled  on  the  Frank  Com 
land  in  the  southeast  part  of  the  county.  The  first  notable  showing 
in  the  county  is  said  to  have  been  found  in  a  water  well  4  miles  north 
of  Palo  Pinto.  A  good  oil  well  and  also  a  gas  well  having  a  capacity 
of  500,000  cubic  feet  were  reported  in  December,  1915. 

A  log  of  a  recently  drilled  deep  well  to  illustrate  the  strata  encoun- 
tered in  drilling  in  this  cotmty  is  given  below. 

Log  of  toeU  No.  1  on  Holt  ranch,  6  miles  southwest  of  SalesvUle,  Sykes  d  Pal- 

laint,  operators, 

[Contnctor,  L.  C.  Hevjck.    Drilled  September,  1915.] 


Red  dirt 

Shale  in  small  shell. . 

Shale,  blue 

Shell,  lime 

Shale,  blue 

SheU 

Shale 

Shell ^ 

Shale,  blue 

Lime  shell 

Shale,  bloe 

Water  sand,  fresh .. . 

Shale.. 

Water  sand,  fresh . . . 

flhale. 

Lime  shell 

Water  sand 

"Slate" 

Water  sand,  salt — 

••Slate" 

Water  sand,  salt — 

"Slate" 

Ltme  shell 

"Slate" 

Shale,  sandy 

Shale,  bine. 

Shale 


^  Wegemann,  C.  n.,  A  reconnaissance  In  Talo  Pinto  County,  Tex.,  with  special  reference 
to  oil  and  gas :  U.  8.  Geol.  Survey  Bull.  621,  pp.  61-69,  1916. 

•Pepptfberg,  L.  J.*  Western  Engineering,  vol.  6,  No.  6,  pp.  262-264,  Ban  Francisco, 
Dee.,  1016. 
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Log  of  weU  No.  1  on  Holt  ranch,  6  miles  southtoest  of  SalewiUe — Contlnaed. 


Sand 

Do 

Do 

"Slate" 

Water  sand 

Shale,  sandy 

Shelly  lime 

Sand,  show  of  otl 

SheUylixne. 

Shale 

ShelL 

Shale 

Sand,  dark,  dry 

Shale 

Sand,  with  little  water 
Shale 


SCATTEBED  SMALL  GAS  FOOLS  AND  SHOWINGS. 

e 

Small  showings  of  gas  have  been  found  in  a  great  many  wells  in  the 
region  north  and  northwest  of  Fort  Worth,  but  most  of  these  prob- 
ably have  no  connection  with  any  considerable  gas  pool.  The  experi- 
ence of  the  prospectors  justifies  this  inference.  It  is  commonly  re- 
marked that  little  puffs  of  gas  may  come  from  any  well  drilled  in 
northern  Texas,  but  that  they  have  no  significance.  At  several  places, 
however,  noteworthy  quantities  of  gas  have  been  found,  though  fur- 
ther prospecting  has  shown  that  the  pools  are  small. 

A  brief  examination  was  made  of  a  small  area  just  north  of  Man- 
kins,  about  20  miles  southwest  of  Wichita  Falls,  where  two  or  three 
showings  of  oil  are  reported  in  the  log  of  an  850-foot  well,  but  no 
good  indications  of  a  gas  reservoir  were  found.  Dundee,  15  miles 
farther  southwest,  where  a  2,000-foot  dry  hole  was  recently  drilled, 
was  also  visited.  The  rock  outcrops  a  few  miles  south  of  Dundee  are 
much  better  than  at  Mankins,  and  apparently  the  beds  at  both  places 
lie  nearlv  flat. 

At  Graham,  in  Young  County,  some  gas  was  found  only  a  few 
hundred  feet  below  the  surface,  and  as  a  consequence  several  deep  test 
wells  were  sunk,  the  log  of  one  of  which  is  given  below. 

Driller's  log  of  Corsicana  Petroleum  Co.'s  weU  No,  1  on  0.  N.  Keen  farm,  in 

Young  County,  Tex. 

[ContrBOtora,  Halfest  A  Easton.    Drilled  July  4  to  Oct.  5, 1912.   Caafaiff:  13^  incli,  416  feet;  10  indh.  810 

feet;  8^  inch,  1,022  feet;  0}  inch,  1,762  feet;  6^  inch,  2,024  feet] 


Sand..., 
"SUte" 
Sand..., 
"Slate" 
SMd... 
"Slate" 


Thkk' 


106 


FeeL 

FeA. 

30 

30 

75 

too 

86 

146 

16 

170 

90 

lfl6 
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Driller's  log  of  Coraieana  Petroleum  Co/a  tceU  No.  1  on  C,  N.  Keen  farm,  in 

Young  County,  Tex. — Continued. 


R«drock : 

Coal 

White  csTB 

"Slato" 

flosid 

»SlaX%" 

Sand 

"Slftta" 

Band 

Oaya 

"Slate" 

LfmeBtone 

Sand 

Cave 

"Slate" 

Do 

XiliDeBtaiie 

"Shell" 

liinuetone 

"Slate" 

Umestona 

"Slate" 

UmMtone. 

"Slate" 

Liiiiiestoiie 

Sand 

"Slate" 

Sand 

"Slate" 

Sand 

"Slate" 

Sand 

"Slate" 

Sand 

"Slate" 

Sand » 

"Slate" 

Sand 

"Slate" 

I/bnestone. 

"Slate" 

Sand 

"Slate" 

Limestone 

"Slate" 

LimeBtone 

"Slate" 

Limestone 

"Slate" 

Sand 

"Slate" 

Sand 

Bottom  dry.    Abandoned. 


Feet. 
76 

5 
85 
55 
40 
33 
15 
212 
20 
50 
115 
25 
12 
30 
60 
48 
40 

5 

8 
229 
13 
10 
15 
55 
45 
70 
30 
25 
10 
35 
10 
10 
85 

8 
17 
25 
10 
15 
540 
10 
09 
20 
41 
10 
23 
10 

2 

11 

124 

10 

6 
21 


Depth. 


Fiet, 

375 

380 

415 

470 

510 

543 

558 

770 

790 

840 

956 

980 

992 

1,022 

1,082 

1,130 

1,179 

1,175 

1,183 

1,412 

1,425 

l,4d5 

1,450 

1,505 

1,550 

1,620 

1,650 

1,675 

1,685 

1,720 

1.730 

1,740 

1,825 

1,833 

1,850 

1,875 

1,885 

1,900 

2,440 

2,450 

2,519 

2,539 

2,580 

2,590 

2,613 

2,623 

2,625 

2,636 

2,760 

2,770 

2,775 

2,790 


Strong  showings  of  gas  are  reported  from  depths  ranging  from 
255  to  696  feet  in  a  2,171-foot  well  drilled  by  the  Producers  Oil  Co. 
on  the  B.  F.  Arnold  farm  3^  miles  south  of  Newcastle  in  Young 
County.  The  gas  showings  here  and  in  the  Murry  well,  about  8  miles 
distant,  are  said  by  some  to  have  been  decidedly  the  best  so  far  found 
in  Young  County. 

Several  wells  in  Archer  County  have  yielded  small  quantities  of 
ga&  At  one  well  the  gas  is  reported  to  have  caught  fire  and  burned 
with  a  flame  many  feet  high,  but  these  reports  were  not  confirmed. 
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Showings  of  oil  have  also  been  reported  in  some  test  wells,  the  logs 
of  three  such  wells  being  as  follows: 

Log  of  Coraicana  Petroleum  Co.*8  well  No.  1  on  R,  J.  Oarvey  farm,  in  Archer 

County,  Tex, 


[Contraoton,  J.  W.  Dyson  A  Co.    Drflled  May  11, 1912,  to  July  13, 1913.    Casing:  13}  Indi,  385  feet: 

10  inch,  810  feet;  8}  inch,  1,306  feet;  6|  inch,  2,325  feet] 


Red  mud 

Sand,  white 

Blue  mud 

Red  mud 

Sand 

Blue  mud 

Red  mud 

Sand 

Blue  mud 

Red  mud 

Sand 

Red  mud 

Blue  mud 

Shale 

Red  mud 

TT 

Shale 

Limestone,  white 

Shale 

Sand 

Red  mud 

Sand 

Limestone,  hard 

Shale 

Do 

Limestone 

Sand 

Shale  and  mud 

Sand,  show  of  oil  and  gas 

Shale,  white. 

Shale,  sandy 

Shale,  dark 

Shale,  white 

Shale,  dark 

Sand,  white 

Limestone 

Shale 

Lime  tone  and  shale 

Limestone 

Shale  and  limestone 

Limestone « 

Shale 

Limestone 

Shale,  dark 

Shale,  white 

Sand,  dark.» 

Shale 

Shale,  sandy 

Shale,  dark 

Shale,  white 

Limestone,  dark 

Shale 

Sand 

Shale 

Sand 

Shale 

Bottom  dry.    Abandoned  July  18, 1912. 


FteL 
20 
10 
30 
20 
20 
40 
25 
10 
70 
15 
40 
10 
30 
25 
20 
60 
65 
15 
25 
30 
25 
5 
50 
30 
50 
20 
10 
60 
20 
60 
80 
70 
30 
50 
20 
40 
90 
45 
30 

340 
20 
30 
10 

150 
5^ 
10 
85 

140 

140 
90 
30 
20 
5 
5 
20 
37 


Depfli. 


FetL 

30 

30 

60 

80 

100 

140 

165 

175 

245 

260 

300 

810 

840 

366 

385 

445 

510 

535 

550 

580 

005 

610 

6G0 

600 

740 

700 

770 

880 

'     850 

010 

940 

1,010 

1,040 

1,000 

1,110 

1,150 

1,240 

1,285 

1,315 

1,555 

1.575 

1,605 

1,615 

1,765 

1,815 

1,835 

1,910 

2,050 

3.190 

2.280 

2,300 

2,330 

2,325 

2,330 

3.350 

2,377 
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DHUer*8  log  of  Coraicana  Petroleum  CoJs  well  No.  S  on  M.  P.  Andretoa  farm, 

in  Archer  County,  Tex. 

fCootnctor,  E.  W.  ICorxsn.    DrfUed  6optemb«r  8  to  Nov«mb«r  10,  1012.   Casing:  mincih,  430  (o«t; 
10  inch,  898  feet;  8  inch,  1,316  feet;  6  inch,  1,600  feet;  6^  inch,  2,100  feet.f 


Red  mud.  sand,  etc 

Band,  water 

Bedrock 

Sand,  water 

Red  rock 

Sand,  water 

Shale,  light 

Bedrock 

<' Slate."  hlue 

Sand,  dry 

*<S]ate."i>lae 

Band,  dry 

•'81afe."light 

LlmesiflDe 

"Slate  "light 

Sand,  dry 

Shale,  light 

Sand,  water 

''Slate,"  light 

Sand,  water 

Shale,  light 

Limcstooe,  hard 

Sbale,Ught 

Sand,  oil. 

Bedrock 

Sand,  dry 

Red  rock 

Shale,  light 

Sand,  water 

**SlatieL"  white 

Limestone 

"Slate  "blue 

Shale,  light  brown 

Limestone,  white 

Shale,  blue 

Limestone 

Shale,  blue 

Limestone,  white 

Shale,  light 

Sand,  water 

Shale 

Sand,  water 

Shale,  light 

Limestone 

Shale,  light 

Limestone 

Shale,  light 

Sand,  water 

Shale,  light  blue 

Sand,  water 

Shale,  light 

Shale,  sandy 

Shale,  dark 

Shale,  light 

Limestone. 

Shale,  light 

Sand.d^ 

T,liri&t... 

Sand,  water 

Dry.    Abandoned  May,  1013. 


Feet. 
180 
20 
90 
20 
40 
80 
13 
15 
05 
20 
10 
10 
50 
16 

5 

30 
20 
40 
35 
16 
102 

6 
13 
13 
11 
10 
15 
290 
60 
90 
10 
20 
10 
10 
10 

6 

10 

20 

29 

30 

10 

115 

30 

15 

45 

25 

165 

80 

10 

10 

30 

110 

150 

50 

5 
10 

5 
05 

6 


Depth. 


Feet. 

180 

200 

290 

310 

350 

430 

440 

455 

550 

570 

580 

590 

640 

656 

660 

680 

710 

750 

776 

790 

802 

808 

Oil 

024 

036 

045 

060 

1,250 

1,310 

1,400 

1,410 

1,430 

1,440 

1,450 

1,460 

1,466 

1,476 

1,406 

1,525 

1.555 

1,565 

1,680 

1,710 

1,725 

1,770 

1,706 

1,960 

2,0«0 

2,050 

2,060 

2,000 

2,200 

2,360 

2,400 

2,406 

2,415 

2,420 

2,515 

2,520 
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Driller's  log  of  CorHcana  Petrolemm  Co*8  well  No.  2  <m  Cora  Harmonmm  fann, 

m  Ar€keT  Cowniy,  Tex, 


[Oootneton,  J.  W.  DyHO  A  Co.     Drfikd  J11I7  S  to  Dae.  12,  ms.   Oviqe:  VDodn  oondnctor,  357feit; 
13}  inch,  357  tet;  10  inch,  TUfaoC;  8  incb,  1,30  fa0C;6|liidi,  1.356  feat;  S^lndi,  1,500  feat.) 


BurfaoB 

S»d»ffy 

Bad  rock 

SSftS?^ 

Kadrodu.. 

Badrodc'..*""!!!'!"!"!".'*.*! 

BandyWBtar 

Shala^bloa. 

Radrock 

8hala,blua 

Radrock 

Sflod,  gray,  aad  coal 

Radrock 

Sand,  gray 

Band^watar 

"Slata/' wbita 

Limastooa 

"Slate/' gray 

Sand,  water. 

"Slata/'gray 

LiDMBtooa 

"Slate."  gray 

Limastona 

Shale 

Sand  (show  of  oil) 

Shale 

Limestone 

Shale 

Limestone 

Shale  and  water 

Sand 

Shale 

Sand 

Shale,  blue. 

Limestone 

"Slate" 

Sand,  water 

"8Ut$" 

Sand,  water 

Limestone 

Sand,  water 

"Shale" 

Limestone 

"Slate" 

Limestone 

"Slate" 

Limestone 

"Slate" 

Limestone 

Shale 

Sand 

Shale 

Limestone 

Shale 

Limestone 

Shale 

Limeetone 

Shale 

Limestone 

Shale,  blue 

Abandoned  May  1, 1913 


Feet. 

90 

10 

85 

30 

45 

55 

3 

83 

15 

10 

8 

7 

35 

85 

10 

05 

5 

30 

5 

35 

6 

68 

123 

10 

31 

5 

9 

5 

17 

5 

118 

10 

00 

8 

73 

5 

8 

33 

5 

5 

8 

37 

88 

13 

30 

10 

5 

10 

5 

25 

35 

40 

155 

13 

43 

15 

15 

35 

35 

15 

63 


100 

186 


307 


415 


456 

540 
5S0 
615 


•45 


7S2 

835 


916 


urns 
1,0a 

1,145 
1,158 
I.» 

I: 

1, 

1,830 
1,338 
1,315 
1,307 
1,410 
1,440 
1,4S0 
1,455 
1,406 
1,430 
1,4S6 
1,530 
1,500 
1,715 
1,787 
1,770 
1,785 
l,flOD 
1.8» 

i,aao 


Small  showings  of  both  gas  and  oil  in  Montague  County  have  been 
reported,  and  a  deep  well  has  recently  been  sunk  north  of  the  town  of 
Montague.    A  log  of  this  well  is  given  below  . 
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Log  of  C.  B.  Bhaffer  toell  No,  1  on  J,  D,  Jameson  farm,  Montague  County,  Tew. 

prilled  in  1916  with  eaUe  toob.  Contimetor,  C.  A.  Steelsmith.  Casing:  124  inch,  088  feet  (onderreamed 
from  M3  feet);  10  Inch.  1,101  feet  (ondemamed  from  780  tmA)\  8  Inch,  1,704  feet  (undezreamed  from 
1,353  feet);  6|  inch,  23  feet  (anderreamed  ftom  1,043  feet}.] 


"Cellar"  (sandy  soil),  soft 

Sand,  hard 

Bed  rock,  soft 

"Slate,"  soft,  white 

Shale,  soft,  blue 

Sand,  soft,  gray,  much  fresh  water 

Shale,  soft,  red. 

Shale,  soft,  blae 

Sand,  soft,  gray,  a  little  fresh  water 

"Slate,"  soft,  white 

Shale,  soft,  red 

"Slate,"  soft,  white 

Sand,  soft,  gray,  a  little  fresh  water 

Shale,  soft,  red 

"Slate,"  soft,  white 

Sand,  soft,  gray,  a  little  fresh  water — 

Shale,  soft,  blue 

Sand,  soft,  gray,  a  little  fresh  waiter e 

Shale,  soft,  Dlue 

Sand,  soft,  gray,  alittle  fresh  water 

Shale,  soft,  Dlue 

Sand,  soft,  gray,  a  little  fresh  water 

Shale,  soft,  Dlue 

"Slate,"  soft,  white 

"ShUe,"  soft,  black 

Shale,  soft,  blue 

Limestone  shell,  haid,  white 

Shale,  soft,  blue 

Sand,  soft,  gray,  a  very  little  fresh  water 

Shale,  soft,  pink 

Shale,  soft,  brown 4 

Shale,  soft,  blue 

Sand,  soft,  nay,  much  fresh  water 

Shale,  soft,  Dlue 

Shale,  soft,  pink 

Shale,8oft,red 

Shale,  soft,  blue 

Sand,  soft,  gray,  mudi  fresh  water 

Shale,  soft,  Dlue 

Twelfth  sand,  soft,  gray,  fresh  water 

Shale,  soft,  blue 

Thirteenth  sand,  soft,  gray,  fresh  water 

Shale,  soft,  blue 

Shale,  soft,  red 

Fourteenth  sand,  soft,  gray,  fresh  water 

Shale,  soft,  blue 

Fifteenth  sand,  soft,  gray,  fresh  water 

Shale,  soft,  blue 

Sixteenth  sand,  hard  and  sharp,  gray,  fresh  water 

Shale,  soft,  gray 

Serenteenth  sand,  soft,  gray,  fresh  water 

Shale,  soft,  blue 

El^taenth  sand ,  sof t .  gray ,  brackish  water 

Shale  and  limestone  shells,  soft  and  hard,  gray 

Nineteenth  sand ,  soft ,  gray ,  brackish  water 

Shale,  soft,  blue 

Twentieth  sand ,  soft ,  gray ,  salt  water 

Shale,  soft,  blue 

Twenty-flnt  sand,  soft,  gray,  slight  salt  water 

Shale,  soft,  blue 

Twenty-second  sand,  soft,  gray,  dry  and  coarse 

Shale,  soft,  blue 

Twenty-third  sand,  soft,  gray,  dry  and  coarse 

Shale,  soft,  blue 

Twenty-fourth  sand,  soft,  gray,  dry 

Shale,  soft,  blue 

Twemy-flftfa  sand,  soft,  gray,  salt  water 

Shale,  soft,  blue 

Twemy-sixth  sand,  soft,  gray,  salt  water 

Shale,  soft,  bhie 

Twenty-seventh  sand,  soft,  black,  dry  and  coarse 

Shale,  soft,  black 

lime,  black,  hard 

Sbale,  soft,  black 

I4bm,  hard,  gray 


Thick- 
ness. 

Depth. 

Fea. 

Feet. 

7 

7 

3 

10 

15 

26 

50 

76 

90 

165 

45 

210 

16 

226 

65 

280 

10 

290 

10 

300 

6 

305 

5 

310 

5 

316 

20 

336 

20 

366 

15 

370 

10 

380 

15 

305 

35 

430 

10 

440 

70 

510 

20 

530 

40 

570 

30 

600 

10 

610 

23 

633 

7 

640 

20 

660 

15 

675 

16 

600 

10 

700 

65 

765 

25 

790 

15 

805 

25 

830 

20 

850 

10 

860 

20 

880 

10 

890 

35 

025 

5 

930 

30 

960 

25 

985 

25 

1,010 

25 

1,035 

5 

1,040 

45 

1,085 

5 

1,090 

10 

1,100 

5 

1,105 

10 

1,115 

15 

1,130 

35 

1,166 

15 

1,180 

25 

1,205 

20 

1,225 

20 

1,245 

30 

1,275 

30 

1,305 

25 

1,330 

8 

1,338 

17 

1,355 

8 

1,363 

82 

1,445 

7 

1,452 

48 

1,600 

25 

1,525 

70 

1,595 

20 

1,615 

60 

1,675 

20 

1,605 

15 

1,710 

20 

1,730 

86 

1,766 

10 

1,776 
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Thkk- 

DWh. 

Is 

10 
30 

i 
i 
1 

1 

r^ 

IS 

1,1W 

i 

Small  showings  of  both  oil  and  gas  are  reported  from  Cook  and 
Denton  counties  and  a  well  2,365  feet  deep  has  recently  been  sunk 
about  6  miles  south  of  Denton  by  J.  S.  Damall,  of  Denton,  and  F.  L. 
Tippett,  of  Gainesville.  These  men  are  drilling  another  well  between 
Myra  and  Red  River  in  Cook  County. 

Small  showings  of  oil  are  reported  in  some  wells  in  the  eastern 
part  of  Dallas  Comity,  but  on  the  whole  the  sands  underlying  Dallas 
and  Tarrant  coimties  seem  to  have  lost  all  the  oil,  gas,  and  salt  water 
they  ever  had  and  are  now  filled  with  fresh  water.  A  mile  east  of 
Paradise  in  Wise  County  good  showings  of  oil  are  reported  and  a  log 
of  one  well  follows : 

Driller't  log  of  weU  1  mile  ttut  of  Paradise. 
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DriUer'a  log  of  well  1  mile  east  of  ParadUe — Continued. 
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In  the  southwest  comer  of  Throckmorton  County  a  gas  well  re- 
ported to  have  a  capacity  of  20,000,000  cubic  feet  is  1,060  feet  deep. 
Several  other  wells  have  been  drilled,  some  to  much  greater  depth, 
but  none  have  been  successful. 

UNDISCOYXStED  POOIiS. 

Geologic  indications, — The  geology  of  the  region  extending  north 
and  west  of  Dallas  and  Fort  Worth  for  150  miles  is,  as  already  stated, 
generally  favorable  to  the  origin,  accumulation,  and  preservation  of 
gas  and  oil  pools.  All  considerations,  both  practical  and  theoretical, 
point  to  the  existence  of  undiscovered  pools  both  of  gas  and  of  oil  in 
the  region.  The  favorable  geologic  conditions  may  be  summarized 
as  follows: 

1.  The  rocks  of  the  region  belong  to  the  Carboniferous  and  Cre- 
taceous systems,  which  contain  much  gas  and  oil  in  other  regions. 
Such  rocks  as  the  pre-Cambrian,  which  nowhere  contain  valuable 
pools  of  gas  or  oil,  are  not  found,  or  lie  so  far  below  the  surface  that 
they  may  be  left  out  of  consideration. 

2.  The  general  structure  is  favorable.  The  layers  of  rock  have  the 
form  of  a  broad,  shallow  basin  or  geosyncline,  and  most  of  the  gas  and 
oil  of  the  world  occur  in  such  general  basins.  The  rocks  lie  nearly 
flat  and  at  some  places,  particularly  between  Fort  Worth  and  Bed 
Eiver,  have  a  broad  terrace  form. 

3.  The  details  of  structure  are  locally  favorable.  Though  the  beds 
lie  nearly  flat,  their  general  attitude  is  at  many  places  modified  by 

,  irregularities  of  various  kinds,  and  here  and  there  they  are  undoubt- 
edly arched  up  into  well-developed  domes  and  anticlines,  as  has 
been  shown  by  observations  made  in  similar  basins  elsewhere  and 
by  the  conditions  existing  in  those  parts  of  this  basin  that  have  been 
tested. 

4.  The  chemical  composition  of  the  rocks  shows  that  they  may  have 
been  the  source  of  large  quantities  of  oil  and  gas.  Carbonaceous  sedi- 
ments, including  coal,  though  not  so  abundant  as  in  some  other  re- 
gions, are  very  common. 

5.  The  physical  nature  of  the  rocks  also  shows  that  they  are  well 
suited  to  accumulate  and  retain  gas  and  oil  pools.  They  include  many 
layers  of  open-textured  sand  of  various  degrees  of  porosity,  in  more 
or  less  lenticular  beds.  These  sands  make  up  less  than  half  of  the 
rock,  a  fact  favorable  to  their  retention  of  pools  of  oil  and  gas,  because 
it  makes  the  washing  out  of  the  beds  with  fresh  water  difficult  or 
impossible. 

6.  The  history  of  the  rocks  has  been  favorable  to  the  accumula- 
tion and  retention  of  pools.  With  the  exception  of  those  underlying 
Dallas,  they  have  apparently  not  been  tilted  back  and  forth  until 
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all  the  original  fluids  in  the  sands  have  migrated  elsewhere.  Salt 
water,  which  is  considered  an  indication  of  slight  or  no  underground 
circulation,  is  found  almost  throughout  the  region,  and  it  may  be 
fossil  sea  water  which  has  not  been  shifted  far  since  the  beds  were 
deposited. 

7.  The  rocks  have  been  under  sufficient  pressure  to  induce  the 
degree  of  metamorphism  required  to  separate  the  hydrocarbons  that 
make  up  gas  and  oil,  but  have  not  been  so  much  compressed  as  to 
drive  these  fluids  out  of  the  region  and  leave  nothing  but  carbonized 
remains.  David  White,  in  discussing  this  subject  recently,  has 
pointed  out  that  the  quality  of  gas  and  oil  found  in  any  rocks  shows 
a  relation  to  the  stresses  to  which  the  rocks  have  been  subjected 
and  has  suggested  that  gas  pools  are  likely  to  be  most  numerous  on 
the  sides  of  an  oil  region  that  lie  nearest  to  regions  in  which  the  rocks 
have  undergone  greater  stresses.  According  to  this  principle,  gas 
pools  should  be  most  numerous  on  the  east  side  of  this  oil  and  gas 
region. 

The  discovery  of  new  pools  may  undoubtedly  be  hastened  by  care- 
ful studies  of  the  rocks,  made  to  determine  the  most  promising  places 
for  drilling.  Without  such  assistance  in  finding  pools,  the  cities 
of  Fort  Worth  and  Dallas  will  probably  fail  to  obtain  abimdant 
supplies  of  natural  gas  unless  they  draw  supplies  from  Oklahoma 
or  other  distant  fields.  As  the  country  is  developed,  and  as  the  oil 
and  gas  resources  gradually  become  exhausted,  more  wildcat  wells 
will  no  doubt  be  drilled  and  greater  care  will  be  taken  to  drill  them  in 
the  most  favorable  places.  The  search  for  gas  and  oil  pools  should 
begin  with  domes  and  anticlines,  for  they  are  by  far  most  likely  to 
contain  such  pools.  Later  explorations  should  extend  to  structures 
less  favorable,  and  finally  to  regions  in  which  the  underground  struc- 
ture can  not  be  determined  because  significant  outcrops  are  poor  or 
are  lacking. 

Inferences  hosed  on  experience  and  an  the  doctrine  of  chances. — 
The  proportion  of  wildcat  wells  that  have  been  successful  in  the 
region  under  discussion  indicates  that  if  it  were  practicable  to  make 
tests  of  each  square  mile,  a  good  many  more  gas  pools  would  be  found. 
Such  a  series  of  tests  is,  of  course,  as  yet  out  of  the  question,  but  illu- 
minating inferences  may  be  drawn  from  the  results  of  the  somewhat 
random  wildcatting  and  the  proportion  of  successful  wells.  The 
importance  of  these  tests  becomes  more  obvious  when  the  law  of  prob- 
abilities is  applied  to  them  and  the  fact  is  remembered  that  in  some 
counties,  especially  Parker,  probably  not  a  single  deep  test  well  has 
been  drilled.  If  a  township  were  known  to  contain  a  pool  of  oil  a 
mile  across,  the  chances  of  finding  that  pool  by  a  random  well  would, 
of  course,  be  1  in  36.    If  a  county  covering  1,000  square  miles  contains 
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one  pool  3  or  4  miles  across  or  having  an  area  of  10  square  miles  the 
chances  of  finding  the  pool  by  a  random  test  are  1  in  100.  Other 
considerations,  of  course,  enter  into  the  problem,  such  as  the  fact  that 
the  well  must  be  sufficiently  deep  and  drilled  with  sufficient  care  to 
make  an  adequate  test ;  nevertheless  a  single  unsuccessful  wildcat  well 
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FiouBB  3. — Mapl  showing  distribution  of  deep  wells  in  the  northern  half  of  Clay  Countj  and 
the  degree  of  thoroughness  of  the  testing,  independent  of  geologic  conditiona. 

drilled  at  random  does  not  throw  a  great  deal  of  light  on  the  existence 
of  gas  and  oil  pools  in  a  considerable  area. 

Figure  3  shows  the  distribution  of  deep  tests  in  the  northern  half 
of  Clay  County,  where  such  tests  are  unusually  abundant.  It  should 
be  observed  that  even  in  this  region,  which  has  been  rather  fully 
tested  by  wells,  there  are  large  areas  in  which  no  test  wells  have  been 
drilled. 
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AREAS  SURVEYED  TO  FIND  FAVORABIiE  STRUCTURE. 

BETWEBN   WICHITA   VALLEY   BAILWAY   AND   WICHITA   BIVEB. 

A  plane-table  survey  (see  PL  IV)  of  a  belt  extending  from  a  point 
northeast  of  Byers  to  Dean,  which,  however,  shows  some  gaps  where 
exposures  are  poor,  was  made  by  H.  M.  Robinson  and  the  writer.  The 
survey  consisted  principally  in  running  lines  of  levels  along  outcrop- 
ping contacts  of  sandstone  and  shale,  the  sandstone  being  the  upper 
member  in  some  places  and  the  lower  member  in  others.  Account 
was  also  taken  of  dips,  of  benches  made  by  hard  layers,  and  of  frag- 
ments of  rock  in  the  soil  at  places  where  outcrops  were  poor  or  lacking. 
Where  the  beds  at  the  horizon  contoured  were  concealed  it  was  ti*aced 
by  means  of  outcropping  beds  above  or  below. 

The  rocks  near  Byers  dip,  on  the  whole,  to  the  northeast;  those 
north  of  Petrolia  to  the  north,  and  those  near  Dean  to  the  north- 
west. In  other  words,  the  general  dips  of  the  strata  are  away  from 
the  Petrolia  field.  The  general  dips  are  modified,  as  shown  in 
Plate  IV,  by  local  dips  in  various  directions,  but  no  well-developed 
anticlines,  domes,  or  other  structures  favorable  to  the  accumulation 
of  gas  were  found  anywhere  in  the  belt  examined.  Nowhere  in  the 
belt  is  there  a  pronounced  dip  opposite  the  main  dip.  Some  places, 
however,  are  more  promising  than  others,  and  if,  in  addition  to  the 
several  unsuccessful  tests  made  in  this  belt,  most  if  not  all  of  which 
are  indicated  on  the  map,  other  wells  were  to  be  sunk  it  would 
seem  wise  to  sink  them  1  to  2  miles  north  of  Petrolia,  1  to  2  miles 
west  of  Dean,  and  3  to  4  miles  west  of  Petrolia.  The  strata  and 
physiographic  features  at  the  place  last  named  show  that  the  rocks 
on  the  north  dip  to  the  north  and  those  on  the  west  dip  to  the  west. 
A  fairly  well  developed  basin  lies  about  2  miles  north  of  this  place. 

Apparently,  the  Petrolia  anticline  involves  not  only  the  rocks  in 
the  oil  and  gas  field  but  also  those  in  a  large  surrounding  territory, 
for  the  search  for  other  anticlines  along  the  south  side  of  Wichita 
River  was  not  only  fruitless  but  the  strata  everywhere  rise  toward 
the  oil  and  gas  field.  The  anticline  5  miles  east  of  Byers,  described 
by  Wegemann,^  may  be  the  east  end  of  the  Petrolia  anticline  and  may 
be  lower  than  the  part  in  the  oil  and  gas  field,  for  a  well  recently 
drilled  3  miles  southwest  of  Waurika,  near  the  crest  of  the  east  end 
of  this  anticline,  was  unsuccessful.  A  log  of  this  well  and  a  log  of  a 
well  northeast  of  Waurika,  which  shows  much  less  red  rock,  are  given 
on  page  66.  The  log  of  a  deep  well  near  Byers  is  also  given,  and  these 
three  and  the  wells  in  the  Petrolia  oil  and  gas  field  form  a  row  of 
wells  along  the  axis  of  the  anticline. 

1  Wepemann,  C.  H.,  Antlcllnnl  structure  In  Cotton  and  Jefferson  counties,  Okln. :  U.  S. 
Gool.   Survey  Bull.  602,  p.  98,  1915. 
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Log  of  lower  part  of  wett  S  mUes  Bouthioest  of  Waurika,  OlOa.,  in  SB,  i  sec  ^ 
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Log  of  Byers  OU  d  Oaa  Co.^s  weU  No.  1,  St  miles  northeast  of  depot  at  Byen, 

Tex. — Ck>ntinued. 
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STBUCTITBE  IN  THE  VICINITY  OF  HENBIETTA. 

The  results  of  a  stadia  traverse  of  the  outcrops  in  the  vicinitr  of 
Henrietta  made  by  H.  M.  Robinson  are  shown  in  Plate  V.  Tbe  gec- 
eral  dip,  amounting  to  about  40  feet  to  the  mile,  is  to  the  noitfc 
The  structure  is,  however,  irregular,  and  at  some  places,  as  in  tfc* 
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southwest  part  of  Henrietta  and  half  a  mile  failher  southwest,  the 
strata  are  slightly  uplifted,  so  that  they  form  low  domes.  The  facts 
that  the  domes  are  very  low  and  that  the  strata  south  of  them  continue 
to  rise  rather  steeply  make  them  seem  unpromising  for  oil  or  gas, 
and  one  2,000-foot  dry  hole  has  been  aunk  on  one  dome.  The  other 
structural  features  of  the  area  surveyed  appear  still  more  unpromis- 
ing for  gas  or  oil.  The  anticlines  and  domes,  as  well  as  the  more 
irregular  features,  are  so  flat  or  low  as  apparently  to  be  of  no  conse- 
quence. The  district  surveyed  may  be  on  the  north  limb  of  a  broad, 
irregular  anticline,  for  the  general  dip  observed  can  not  continue 
far  to  the  south.  In  territory  south  of  the  region  surveyed  the  dip 
must  either  swing  to  the  east  or  to  the  west  or  the  strata  must  come 
down  again  so  as  to  form  an  anticline.  The  strata  studied  are  shown 
in  the  following  section,  which  crops  out  between  Henrietta  and  Little 
Wichita  Kiver,  to  the  north : 

Sectifm  of  rocks  of  Wichita  formation  exposed  in  north  part  of  Henrietta,  Tex, 

Feet. 

Sandstone  capping  the  hlU  on  which  Henrietta  is  built 15-25 

Conglomerate,  clay  pebble,  very  lenticular,  pebbles  mostly 

less  than  half  an  inch 0-2 

Sandstone,  olive-gray,  Iaminate<l 1-4 

Ck)nglomerate  like  bed  above,  but  pebbles  somewhat  larger ; 

weathers  into  large  resistant  blocks 0-4 

Clay  shale,  brownish  red 8-12 

Sandstone,  olive-gray,  open  texture<l,  soft,  cross  lnmlnate<\_  8-10 

Shale,  red,  and  sandstone  in  Irregularly  arranged  lenses 8-12 

Sandstone,  gray,  soft,  open  texture<l,  -cross-beddetl 84- 

60± 
STBXTCTUBE  IN  THE  VICINITY  OF  BENBROOK. 

The  general  eastward  dip  of  the  Cretaceous  strata  between  Fort 
Worth  and  Weatherford  is  modified  at  Benbrook  by  a  terrace  or  an 
asymmetric  anticline.  The  results  of  a  reconnaissance  survey  of  this 
feature  are  shown  in  figure  4.  Apparently  it  plunges  to  the  north,  but 
its  precise  form  was  not  determined.  A  cross  section  of  the  terrace 
may  be  seen  from  a  Texas  &  Pacific  Railway  train,  for  along  the  south 
side  of  the  valley  up  which  this  railroad  passes  through  Benbrook 
there  are  fairly  good  exposures  of  a  bench-making  limestone  belong- 
ing in  the  Goodland  limestone  of  the  Cretaceous  system.  In  the  bot- 
tom of  the  valley  of  Trinity  River,  6  miles  southwest  of  Benbrook, 
there  is  a  water  well  which  occasionally  gives  off  gas  bubbles.  The 
terrace  may  be  the  cause  of  this  gas  seep.  The  general  nature  of  the 
rocks  exposed  in  this  vicinity  is  shown  in  the  following  section : 
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Cfeneralized  section  of  rocks  of  Ooodiand  limestone  {Lower  Cretaceous)  exposed 

near  Benbrooky  Tex, 

Feet. 
Limestone  ("fence  rock**),  flaggy,  few  fossils;  breaks  Into 
slabs  suitable  for  building  rough  stone  walls  and  hence  be- 
fore the  days  of  barbed  wire  was  used  commonly  for  fences.  20:2: 

Limestone  (*' broken  rock'*),  rather  soft  and  thick  bedded 20±: 

Limestone,  hard  and  thick  bedded 25:!: 

Limestone    ("cement   rock'*)    showing   much   solution   and 

cementation 10± 

Limestone  (**  wolf  dirt"),  earthy,  weathers  rapidly  to  brown- 
ish earth,  which  Is  called  wolf  dirt  because  it  Is  easy  dig- 
ging for  wolves  and,  on  account  of  the  hard  overlying  bed, 

is  attractive  to  them  for  making  dens 15± 

Limestone  ("shell  rock.'*)  very  fosslllferous 10± 
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FiouEB  4. — Sketch  map  showing  probable  main  features  of  geologic  stractnre  in  tbe 
▼iclnity  of  Benbrook,  Tex.,  baaed  apon  determinations  of  altitudes  and  dips  by  hand 
level  and  aneroid  barometer.  The  thin  lines  show  outcrops  of  certain  limestone  bed& 
Heary  lines  are  structure  contours  on  the  top  of  bench-making  limestone.  Daalied 
lines  indicate  doubt,  the  short  dashes  signifying  greater  doubt  than  the  long  daalwt. 
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REPORTED   INDICATIONS    OF   GAS. 

A  large  number  of  places  at  which  indications  of  gas  were  reported 
were  examined.  Among  these  was  one  on  the  Jackson  farm,  north- 
west of  Dallas,  where  a  peculiar  welling  up  of  very  fluid  mud  was 
inspected  and  found  to  be  due  to  causes  other  than  pressure  of  natural 
gas.  Several  reported  gas  seeps  also  were  visited  and  the  gas  of 
most  of  them  was  found  to  be  marsh  gas,  which,  though  an  excellent 
fuel,  is  in  the  places  examined  of  surficial  origin  and  does  not  indi- 
cate the  presence  of  deep-seated  and  large  pools  of  natural  gas. 

Several  water  wells  from  which  bubbles  of  gas  are  reported  to 
escape  were  visited,  but  natural  gas  was  actually  escaping  from 
very  few.  Such  seeps,  unlike  most  of  those  of  marsh  gas  at  the 
surface,  are  likely  to  be  true  indicators  of  natural-gas  pools.  Puffs 
of  natural  gas  are  not  at  all  uncommon  in  water  wells  in  the  region 
about  Dallas  and  Fort  Worth,  but  probably  only  a  few  of  them  are 
really  near  important  pools.  One  of  these  gas  seeps,  which  is  about 
8  miles  a  little  west  of  north  of  Weatherford,  is  so  copious  .that  a 
structural  survey  of  the  surrounding  area  has  been  made  by  Mr. 
Robinson  to  see  whether  or  not  the  geologic  conditions,  particularly 
the  lay  of  the  beds  of  rock,  are  favorable  to  the  accumulation  of  a 
pool.  The  results  of  this  survey  show  that  the  rocks  have  an  almost 
uninterrupted  northerly  dip  and  are  therefore  not  very  favorable  to 
the  accumulation  of  a  pool.  The  rocks  at  the  surface  here  belong 
near  the  base  of  the  Cretaceous,  though  the  bottom  of  the  well,  90 
feet  below  the  surface,  probably  does  not  reach  the  underlying 
Pennsylvanian. 

Another  class  of  indications  considered  worthy  of  examination  are 
oil  shows,  for  oil  is  very  commonly  associated  with  gas,  but  a  great 
many  of  the  oil  seeps  reported  are  in*  fact  seeps  of  water  containing 
iron  hydroxide — a  substance  very  similar  to  iron  rust — ^which  is  com- 
mon in  marshy  places.  The  iron  makes  an  iridescent  film  on  the  sur- 
face of  the  water  which  to  an  unpracticed  eye  looks  very  much  like 
oil.  Iron  hydroxide  will  not  bum,  however,  and  in  a  true  oil  seep  it 
is  generally  possible  to  collect  a  sufficient  amount  of  oil  to  show  that  it 
will  bum. 

Oil  in  water  wells  is  generally  worth  careful  study,  for  "  the  best 
sign  of  oil  is  a  little  oil.''  Small  showings  of  oil  and  gas  also  are  not 
at  all  rare  in  Clay  County  and  elsewhere.  Showings  of  oil  are  re- 
ported in  several  wells,  about  70  feet  deep,  on  the  W.  G.  Smith  place, 
at  the  northwest  comer  of  the  Charlton  Thompson  tract,  15  miles 
sonth-southwest  of  Henrietta.  A  brief  inspection  of  the  geology 
suggests  that  the  structure  near  this  place  may  be  favorable  to  the  ac- 
cumulation of  a  pool.  On  the  Calloway  place,  4  miles  southwest  of 
Henrietta,  a  water  well  60  feet  deep  showed  a  little  oil  and  bubbled 
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with  gas  for  several  days.  On  the  north  edge  of  Henrietta,  northeast 
of  the  standpipe/a  well  drilled  for  water  is  said  to  have  bubbled  with 
gas.  On  the  Arthur  farm,  about  4  miles  east  of  Henrietta,  in  the 
east  half  of  block  11,  oil  is  said  to  have  ruined  a  water  well.  On  the 
Harker  farm,  3  miles  east  of  Henrietta,  a  small  showing  of  oil  is  said 
to  have  been  found  in  a  200-foot  well  drilled  as  an  oil  test.  It  is 
rumored  that  small  showings  of  oil  were  found  in  the  very  deep 
Halsell  well,  6  miles  west  of  Henrietta,  and  also  in  the  three  deep 
wells  on  the  Baht  farm,  20  miles  south  of  Henrietta. 

INCREASE  OP  MARKETED  PRODUCTION  BY  CON- 
SERVATION. 

In  recent  years  considerable  thought  has  been  given  to  the  avoid- 
ance of  waste  in  natural  gas,  with  manifestly  good  results,  but  the 
losses  are  still  great  and  are  incurred  at  many  stages  in  the  recovery 
and  marketing  of  gas.  Gas  pools  are  abandoned  before  they  are 
exhausted,  though,  on  account  of  the  great  elasticity  of  gas,  their 
abandonment  is  not  so  regrettable  as  the  failure  to  exhaust  oil  fields. 
The  greatest  loss  arises  from  the  fact  that  gas  is  harder  to  store  and 
market  than  oil,  and  because  of  this  and  other  facts,  the  desire  among 
operators  for  oil  wells  is  much  greater  than  for  gas  wells.  Hence 
drilling  is  commonly  continued  as  long  as  possible  in  the  search  for 
oil,  though  in  the  meantime  gas  sands  are  tapped  and  much  gas  is 
allowed  to  escape  into  the  air.  Much  gas  is  also  allowed  to  go  to 
waste  while  oil  is  being  pumped.  The  yield  of  oil  wells  is  more 
rapid,  though  shorter,  from  sands  that  contain  considerable  gas 
under  high  pressure — conditions  that  mean  quick  returns  to  the  oil 
operator — ^but  the  question  may  be  seriously  raised  whether  he  might 
not  profit  more  by  preserving  the  gas,  which,  as  Johnson  and  Huntley* 
have  recently  pointed  out,  would  make  possible  the  recovery  of  a 
great  deal  more  oil  from  each  pool  before  it  is  abandoned. 

Another  kind  of  loss  takes  place  within  the  well  and  consists  of 
the  escape  of  gas  from  an  important  gas  sand  up  through  the  weU 
to  another  sand,  into  which,  under  certain  circumstances,  it  passes 
and  becomes  so  widely  disseminated  that  much  or  all  of  it  is  lost 
This  kind  of  loss  occurs  in  closed  wells  in  which  sands  above  the  gas 
sand  are  not  cased  off.  In  the  Petrolia  field  the  losses  of  this  sort 
have  not  been  great,  for  few  wells  have  been  left  shut  in  for  long 
periods.  Most  wells  are  cased  with  sufficient  care  to  shut  off  hi^er 
sands,  and  there  are  not  many  or  extensive  higher  sands  which  are 
capable  of  absorbing  considerable  quantities  of  gas. 

Gas  is  also  allowed  to  escape  into  the  air  for  other  reasons.  Some 
wells,  such  as  the  famous  Miller  well,  in  the  Petrolia  field,  have  gone 

^Johnson,  B.  H.,  and  Hnntlesr,  L.  G.,  The  Influence  of  the  Cashing  pool  In  th«  oil  In- 
dastry :  Eng.  Soc.  Western  Pennsylvanln  Proc,  vol.  31,  pp.  460-487,  1916. 
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wild,  and  many  millions  of  cubic  feet  of  gas  have  thus  escaped. 
Other  wells  have  been  opened  in  order  to  reduce  the  head  for 
one  reason  or  another.  Wells  are  commonly  opened  and  allowed  to 
blow  in  order  to  clean  themselves,  and  some  are  opened  to  blow 
off  accumulated  salt  water.  Other  losses  are  incurred  by  breaks 
and  leaks  in  lines,  uneconomical  management,  and  other  causes. 
The  losses  are  of  course  comparatively  greater  in  small  fields  that 
are  without  good  marketing  facilities  than  in  large  fields.  In  the 
Petrolia  field  it  might  be  possible  through  conservation  to  increase 
the  output  by  10  or  20  per  cent  but  probably  not  more.  There  can 
be  little  doubt  that  if  gas  were  more  valuable  the  ultimate  total  yield 
of  the  field  would  be  considerably  greater  than  it  is  likely  to  be  under 
present  conditions. 

SUMMARY  OF  CONCIiUSIONS. 

The  results  of  a  geologic  study  of  the  gas  resources  available  to 
Dallas  and  Fort  Worth  in  the  region  north  and  west  of  those 
cities  may  be  summarized  as  follows : 

PETBOLIA  YIELD. 

Origindl  quantity  of  gas  in  the  field. — ^The  volume  of  pore  space 
occupied  by  gas  and  the  original  rock  pressure  and  also  the  relation 
between  decline  in  pressure  and  percentage  of  depletion  indicate 
that  the  original  quantity  of  gas  in  the  Petrolia  field,  measured  at 
8  ounces  above  atmospheric  pressure,  was  about  120  billion  cubic  feet. 

Ratio  between  percerUage  of  depletion  and  amount  marketed. — 
Statistics  of  production  indicate  that  about  37  billion  cubic  feet  of 
gas  from  the  Petrolia  field  have  been  delivered  to  consumers.  This 
quantity  is  about  75  per  cent  of  the  reduction  of  supply  in  the  ground. 
The  question  whether  or  not  this  percentage  should  be  larger  is 
beyond  the  scope  of  this  report,  but  it  may  be  remarked  that  many 
gas  fields  show  a  greater  waste. 

Present  capacity. — ^The  Petrolia  field  as  now  drilled  and  equipi)ed 
is  capable  of  producing  more  gas  per  day  than  it  has  ever  been  called 
upon  to  produce.  The  limit  of  its  daily  capacity  depends  in  part  upon 
engineering  considerations  not  discussed  in  this  report,  such  as  the 
handling  of  wells  and  pipe  lines,  but  it  is  probably  at  least  twice  that 
of  any  demand  which  has  been  made  upon  it. 

Capa4nty  in  near  future  of  the  fidd  as  now  drilled. — ^The  daily 
capacity  of  the  wells  in  the  field,  is  steadily  decreasing,  and  indeed 
the  field  as  a  whole  is  doubtless  rapidly  approaching  its  limit  in  rate 
of  production.  While  the  demands  upon  it  have  been  steadily  grow- 
ing its  capacity  has  been  diminishing  because  of  reduction  of  supply 
and  pressure,  and  before  many  years  have  passed  the  supply  will  no 
longer  meet  the  demand. 
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Capacity  in  distant  future  of  the  field  as  now  drilled. — ^If  no  new 
gas  wells  were  drilled  the  production  would  not  only  fall  below  the 
demand  in  a  few  years  but  in  ten  years  the  output  would  probably  be 
too  small  to  be  worth  transporting. 

Increase  of  capacity  through  new  weUs  to  known  sands  in  the 
proved  field. — ^The  capacity  of  the  field  may  be  kept  up  for  a  few  years 
by  new  wells  drilled  to  known  sands  within  the  proved  field,  but  the 
present  wells  are  rather  .evenly  distributed  and  closely  spaced,  so 
that  increase  of  output  through  new  wells  can  not  be  great 

Increase  of  capacity  through  finding  new  sands  in  the  proved 
field. — ^More  gas  can  probably  be  found  in  some  parts  of  the  field  by 
drilling  deeper,  for  sands  having  favorable  structure,  texture,  and 
stratigraphic  and  lithologic  relations  lie  below  the  sands  now  produc- 
ing. A  few  small  gas-bearing  lenses  of  sand  lie  above  the  producing 
sand,  and  though  these  lenses  contain  much  less  gas  than  the  so-called 
deep  sands  they  should  not  be  overlooked. 

Increase  of  capacity  through  finding  new  productive  area  adjoining 
the  field. — ^The  daily  capacity  of  the  field  may  be  increased  by  new 
wells  drilled  outside  the  proved  field  to  sands  now  producing.  The 
structure  of  the  field  indicates  that  the  actual  area  of  the  gas  pool  is 
probably  twice  that  of  the  area  now  producing,  though  a  part  of  the 
new  area  may  yield  oil  instead  of  gas.  The  production  can  not,  of 
course,  be  doubled  by  simply  doubling  the  producing  area,  for  gas  has 
been  slowly  moving  from  the  undrilled  ground  to  the  producing 
wells,  so  that  throughout  most  if  not  all  of  the  undrilled  parts  of  the 
pool  the  original  gas  content  and  pressure  in  the  sands  have  been 
reduced,  though  not  so  greatly  reduced  as  in  the  developed  part  of 
the  pool. 

Increase  in  marketed  supply  through  greater  care  in  handling 
wells. — ^The  depletion  of  the  original  supply  of  gas  at  Petrolia  is 
evidently  considerably  greater  than  the  quantity  of  gas  marketed, 
the  loss  incidental  to  the  production  of  oil  being  especially  note- 
worthy. The  output  could  be  increased  by  handling  the  wells  some- 
what differently,  but  the  work  of  properly  caring  for  the  natural 
supply  must  be  left  to  the  engineers. 

Life  of  the  field. — ^If  all  the  gas  at  Petrolia  could  be  delivered 
to  consumers  in  Dallas  and  Fort  Worth  and  other  cities  now  draw- 
ing on  the  Petrolia  supply  it  would  probably  last  them,  at  the  present 
rate  of  consumption,  about  6^  years.  If  an  estimate  is  made  of  the 
increase  in  consumption  that  will  probably  occur  if  the  supply  is 
adequate  and  no  advance  is  made  in  the  price,  proper  deduction  being 
made  for  necessary  losses  in  production  and  marketing,  the  estimate 
of  6|  years  must  be  reduced  to  about  4  or  5,  and  if  further  allowance 
be  made  for  unnecessary  losses  it  must  be  reduced  to  3  or  4  years, 

>d  a  shortage  will  be  felt  in  cold  weather  still  sooner. 
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OTHBA  FIBLD6. 

Other  discovered  pools  northwest  and  west  of  Dallas  and  Fort 
Worth,  particularly  those  at  Strawn  and  Moran,  have  noteworthy 
quantities  of  gas,  though  not  so  much  as  Petrolia,  and  these  sup- 
plies would  be  available  to  the  cities  if  the  pools  were  near  to  each 
other  or  to  the  existing  pipe  lines. 

Undiscovered  pools  of  gas  and  oil  undoubtedly  exist  in  the  area 
described  in  this  report,  and  some  of  them  will  probably  be  large 
enough  to  warrant  the  building  of  individual  pipe  lines.  If  several 
of  them  were  developed  at  once,  however,  sufficient  gas  would  be 
made  available  to  justify  the  construction  of  lines  to  groups  of  pools. 
The  search  for  new  pools  must  be  pushed  with  vigor  if  the  present 
output  is  to  be  maintained  or  increased. 
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GAS  PROSPECTS  SOUTH  AND  SOUTHEAST  OF  DALLAS. 


By  George  Charlton  Matson. 


GEOGRAPHY. 

In  the  autumn  of  1915  the  writer  made  detailed  examinations  of 
the  geology  and  natural-gas  resources  at  Mexia  and  Groesbeck,  Tex., 
as  well  as  a  rapid  reconnaissance  of  a  narrow  area  extending  from 
a  point  near  Thornton  northward  nearly  to  Greenville.  This  area 
has  a  length  of  110  miles  and  an  average  width  of  about  20  miles, 
and  includes  a  belt  of  black  clay  lands  that  are  locally  covered  by  a 
few  feet  of  sand  and  gravel.  A  more  general  reconnaissance  was 
extended  across  the  area  from  Greenville  to  Dallas  and  Fort  Worth. 

Gas  has  been  developed  in  commercial  quantities  at  Groesbeck, 
Mexia,  Corsicana,  and  Chatfield,  and  oil  has  been  exploited  in  the 
vicinity  of  Corsicana.  The  Mexia-Groesbeck  gas  field  (PI.  VI,  in 
pocket)  is  now  supplying  gas  to  Waco,  Mart,  Groesbeck,  Mexia, 
Teague,  Tehuacana,  Wortham,  Eichland,  and  Corsicana.  The  Cor- 
sicana and  Chatfield  areas  formerly  supplied  Corsicana  but  are  not 
now  being  utilized.  The  areas  comprised  in  these  fields  are  approxi- 
mately as  follows:  Mexia-Groesbeck,  11.8  square  miles;  Corsicana 
and  Chatfield,  6  or  8  square  miles. 

The  surface  of  this  part  of  Texas  has  only  a  moderate  relief,  gen- 
erally from  50  to  150  feet,  though  the  extreme  differences  in  elevation 
are  somewhat  greater.  This  surface  is  a  product  of  the  erosion  of 
the  imderlying  formations  and  of  the  local  deposition  of  thin  beds 
of  sediments  that  form  broad,  level  terraces  along  the  streams.  There 
are  five  distinct  terraces,  which  are  separated  by  more  or  less  definite 
scarps  having  steep  slopes.  The  original  level  surfaces  of  some  of 
the  higher  and  older  terraces  have  been  partly  obliterated  through 
erosion  by  small  streams. 

The  terraces  are  of  little  importance  in  connection  with  oil  and  gas 
resources  except  where  their  level  surfaces,  formed  by  thin  veneers 
of  younger  sediments,  obscure  the  older  formations  and  interfere  with 
the  geologist's  determination  of  their  character  and  structure.  The 
terraces  have  a  distinct  economic  bearing  on  the  development  of  the 
region,  however,  because  they  furnish  level  areas  suitable  for  agri- 
culture and  favorable  for  lines  of  transportation  along  easy  gradients. 
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In  general,  the  terraces  have  an  indirect  bearing  on  the  developmeDt 
of  oil  and  gas  because  of  the  character  of  the  roads  that  cross  theoL 
Where  clay  soils  are  exposed  the  roads  are  exceptionally  good  during 
the  dry  season  and  very  muddy  and  difficult  to  travel  during  wet 
weather.  The  sands  of  the  terraces  produce--a  condition  just  the 
reverse  of  that  produced  by  the  clays.  They  are  much  more  difficuU  J 
to  traverse  in  dry  than  in  wet  weather,  and  in  the  Mexia-Groesbeck 
field  especially  they  add  to  the  cost  of  transporting  machinery  and 
materials  required  for  drilling  wells  and  constructing  pipe  lines. 
The  larger  cities  in  the  region  have  recently  constructed  gravel  or 
rock  roads  to  facilitate  transportation,  and  the  network  of  these  hig^-j 
ways  now  makes  travel  easy  between  most  of  the  principal  cities  an( 
towns. 

OEOIK)OY. 

The  areas  covered  by  the  general  examination  are  underlain  b] 
rocks  of  several  geologic  formations  that  are  assigned  to  the  Terti^ 
ary  and  Cretaceous  systems.    Only  the  lower  part  of  the  Tertiai 
extends  into  the  region,  and  the  formations  represented  are  of 
commercial  importance.     The  formations  belonging  to  the  Up] 
Cretaceous  series  are  the  source  of  all  the  oil  and  gas  that  have 
developed  in  commercial  quantities  in  the  area  examined  by  th< 
writer  and  they  supply  large  quantities  of  oil  and  gas  in  Louisiana 

CBETACEOirS  8YSTSK. 

The  Cretaceous  system  is  divided  into  two  major  subdivisions, 

lowermost  known  as  the  Comanche  series,  or  Lower  Cretaceous,  th< 

uppermost  the  Gulf  series,  or  Upper  Cretaceous.    The  distributioi 

of  these  two  series  is  shown  in  figure  1.    The  series  are  divided  inl 

formations,  but  it  is  impracticable  to  represent  all  these  minor  subdi^ 

visions  on  a  map  of  so  small  a  scale,  and  in  this  report  some  of  thi 

formations  will  be  discussed  in  groups.    The  general  sequence  oi 

the  Cretaceous  formations  is  as  follows,  the  youngest  formatioi 

being  given  at  the  top  (see  also  PI.  VII) : 

Gulf  series  (Upper  Oretaceons) : 

Navarro  formation,  including  Nacatoch  sand  member. 
Taylor  marl. 
Austin  chalk. 
Eagle  Ford  clay. 
Woodbine  sand. 
Ck)manche  series  (Lower  Cretaceous) : 
Washita  group : 

Denison  formation. 

Fort  Worth  limestone. 

Preston  formation. 
Fredericlcsburg  group : 

Eklwards  limestone. 

Comanche  Peak  limestone.  (Qoodland  limestone  in  northern  part  of  area. 

Walnut  clay. 
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Comanche  sertes  (Lower  Cretaceous) — GontinnecL 
Trinity  group: 
Paluxy  sand. 
Olen  Rose  limestone. 
Travis  Peaic  sand. 

COMANCHE  SERIES  (LOWER  CRETACEOUS) . 

Trinity  group. — ^The  Trinity  is  the  oldest  and  lowest  group  be- 
longing to  the  Comanche  series.  In  Oklahoma  and  northern  Texas 
it  c<msists  of  coarse  light-gray  or  white  quartz  sands  with  local  layers 
and  lenses  of  gravel.  Farther  south,  especially  along  Brazos  Biver, 
marl  and  sandy  limestone  occur  interbedded  with  the  sands,  and  the 
Trinity  becomes  a  group  divisible  into  three  formations — the  Paluxy 
sand  (at  top),  Glen  Bose  limestone,  and  Travis  Peak  sand.  In  gen- 
eral the  upper  part  of  the  Trinity  is  finer  grained  and  contains  more 
marl  and  clay  than  the  lower  part.  The  Trinity  group  is  generally 
rather  loose  or  only  slightly  indurated  and  is  referred  to  by  the  well 
drillers  as  pack  sand,  though  at  some  places,  especially  where  exposed^ 
it  is  a  hard  sandstone. 

Fredericksburg  group. — ^The  Fredericksburg  group  consists  largely 
of  chalky  limestones,  though  its  basal  part  includes  more  or  less  im- 
pure marl  and  calcareous  clay,  the  Walnut  clay. 

Washita  group. — ^The  Washita  group  consists  of  alternate  beds  of 
marly  clay  and  soft  limestone.  At  some  places  the  limestone  pre- 
dominates ;  at  others  the  clay.  Thin  lay^*s  and  lenses  of  sand  occur, 
especially  in  the  upper  part  of  the  group,  and  most  of  the  limestones 
are  impure,  containing  both  sand  and  clay. 

The  materials  range  in  color  from  dark  gray  near  the  base  of  the 
group  to  light  gray  near  its  top.  On  weathering  they  become  yellow 
or  red,  the  more  pronounced  colors  being  found  in  the  upper  forma- 
tions, which  contain  a  larger  percentage  of  the  iron  compounds  that 
form  the  coloring  matter. 

GULF  SERIES   (tJFPER  CRETAGEOUS). 

Woodbine  sand. — ^The  Woodbine  sand  consists  of  medium  to  fine- 
grained sand  containing  many  layers  and  laminae  of  clay.  Thin 
beds  and  partings  of  lignite  occur  in  this  formation,  and  it  contains 
fossil  plants  which,  together  with  the  lignite,  indicate  an  abundant 
flora  and  form  a  probable  source  of  gas  and  oil. 

The  sands  composing  the  Woodbine  formation  are  generally  light 
gray  and  friable.  Locally  they  are  cemented  into  hard  layers  which 
the  well  drillers  call  "shells."  At  many  places  a  large  amount  of 
shale  and  clay  is  interlaminated  with  the  sands,  but  two  or  more 
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porous  beds  are  usually  found  in  the  formation.  These  are  good 
water-bearing  beds  and  are  apparently  very  persistent,  because. they 
are  the  source  of  water  for  many  artesian  wells. 

Eagle  Ford  clay. — ^The  Eagle  Ford  clay  consists  of  light  to  dark- 
blue  laminated  clay,  which  is  locally  more  or  less  calcareous  and  con- 
tains thin  layers  of  very  hard  lime^ne.  This  limestone  is  generaUy 
earthy  and  at  many  places  contains  large  numbers  of  shells  of  marine 
organisms.  In  northwestern  Louisiana  and  the  adjacent  part  of 
Texas  there  is  a  bed  of  sand  at  the  top  of  the  Eagle  Ford  clay  that 
contains  laminae  and  layers  of  clay.  This  sand,  however,  which  is 
known  as  the  Blossom  sand  member,  does  not  extend  into  the  area 
covered  by  this  report  except  in  the  vicinity  of  Cooper. 

Austin  chalk. — ^The  Austin  chalk  consists  of  massive  light-gray  to 
white  chalky  limestones  containing  some  hard  layers.  Locally  thin 
beds  of  clay  are  found  in  this  formation,  especially  at  the  east  end  of 
the  area  here  discussed,  in  the  vicinity  of  Terrell  and  Greenville. 
Farther  east  the  lower  part  of  the  limestone  is  so  impure  that  it  loses 
its  distinctive  characteristics  and  becomes  a  marl — ^the  Brownstown 
marl — and  the  overlying  chalk  is  known  as  the  Annona  chalk. 

Formations  overlying  the  Austin  chalk. — ^Above  the  Austin  chalk 
are  beds  of  dark-gray  marl  and  shale  and  thin  layers  and  lenses  of 
sand.  These  beds  have  been  divided  into  two  formations — the  Taylor 
marl,  immediately  overlying  the  chalk,  and  the  Navarro  formation. 
More  recently  Deussen  ^  has  used  the  name  Nacatoch  sand  for  one 
of  the  sand  beds  in  this  part  of  the  Upper  Cretaceous  of  eastern 
Texas,  and  in  this  report  it  is  called  the  Nacatoch  sand  member  of  the 
Navarro  formation.  In  general  it  is  probable  that  the  Taylor  forma- 
tion should  be  restricted  to  the  more  calcareous  beds  overlying  the 
Austin  chalk  and  that  the  clays,  shales,  and  sands  that  overlie  the 
Taylor  should  be  placed  in  the  Navarro  formation.  The  shales  above 
the  Nacatoch  may  be  the  equivalent  of  the  Arkadelphia  clay  of 
Arkansas  and  northeastern  Texas,  but  detailed  information  for  exact 
correlation  is  not  yet  available.  Two  fragments  of  valves  of  a  fossil 
oyster  were  obtained  from  the  gas  sand  of  the  Mackey  well,  near 
Mexia.  These  were  identified  as  Ostrea  owenana  Shumard  by  L.  W. 
Stephenson,  who  states  that 

This  species  occurs  in  the  Navarro  formation  in  the  vicinity  of  Ck>rgicana  and 
Chatfield,  Tex.,  and  in  the  Nacatoch  sand  of  southwest  Arlsansas.  The  stratum 
from  which  this  fossil  was  obtained  in  the  Maclcey  well  probably  corresponds  in 
age  to  and  may  be  physically  continuous  with  the  Nacatoch  sand. 

^  Deasseii,  Alexander,  Geology  and  undcrKround  waters  of  the  Boutbeastem  part  of  the 
Texas  Coastal  Plain :  U.  S.  Geol.  Survey  Water-Supply  Paper  S35,  pi.  7,  1914. 
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Mr.  Stephenson  also  says  that  the  matrix  is  a  glauconitic  sand 
similar  to  the  Kacatoch  sand  of  Arkansas.  He  gives  the  following 
list  of  localities  where  this  species  of  Ostrea  has  been  found : 

Nacatoch  sand : 

U.  S.  G.  S.  collection  7465.    Cut  of  St  Louis  &  San  Francisco  Railroad,  west 

of  McNab  station.  Ark. 
U.  &  G.  S.  collection  7463.    West  bank  of  Little  Missouri  River  at  Nacatoch 

Bluff,  Ark. 
Navarro  formation : 

U.  S.  G.  S.  collection  7567.    Chatfleld  road,  7  or  8  miles  north  of  Ck)r8icana, 

Navarro  County,  Tex.    Fossils  collected  In  the  road  and  In  a  small  branch 

Just  east  of  the  road. 
U.  S.  O.  S.  collection  768  (U.  S.  Nat  Mus.  catalogue  No.  29876).    Near 

Corsicana,  Navarro  County,  Tex.    Collected  by  T.  W.  Stanton. 
U.  S.  G.  S.  collection  762  (U.  S.  Nat  Mus.  catalogue  No.  21069).     Near 

Chatfleld,  Navarro  County,  Tex.    Collected  by  T.  W.  Stanton. 
Navarro  formation  (Nacatoch  sand  member) : 

Mackey  well  No.  1  of  Peoples  Gas  Co.,  2  miles  northwest  of  Mexia,  Lime- 
stone County,  Tex.,  at  a  depth  of  785  feet.    Matrix  a  gray  glauconitic 

sand.    Collected  by  G.  C.  Matson. 

The  Taylor  marl  consists  of  dark-gray  calcareous  clays  contain- 
ing more  or  less  carbonaceous  matter,  interbedded  with  lighter- 
colored  clays  and  marls.  In  general  the  formation  contains  a 
small  percentage  of  very  fine  sand,  which  is  distributed  through  the 
clays  in  the  form  of  very  thin  laminae.  Eounded  and  oval  calcareous 
concretions  occur  at  many  places  and  in  different  parts  of  the  forma- 
tion. These  are  the  bowlders  mentioned  in  the  logs  of  the  well 
drillers.  After  exposure  to  the  weather  the  Taylor  marl  changes  to 
a  dark-gray  or  black  calcareous  clay  that  is  very  plastic  and  sticky 
when  wet. 

The  Navarro  formation,  including  the  Nacatoch  sand  member, 
consists  of  dark-gray  and  black  clays  containing  more  or  less  calcium 
carbonate,  interbedded  with  thin  layers  of  fine  sand.  These  sand 
beds  include  thin  partings  and  lenses  of  clay.  Some  layers  of  cal- 
careous marl  occur  throughout  the  formation,  and  at  many  places 
there  are  concretions  similar  to  those  found  in  the  Taylor  marl. 

The  Nacatoch  sand  is  typical  of  the  sands  found  in  the  Navarro 
formation  and  is  therefore  worthy  of  special  mention.  It  is  com- 
posed of  light-gray  quartz  sand  containing  some  grains  of  glau- 
conite.  It  is  fine  textured  and  is  locally  cemented  into  firm  sand- 
stone, especially  near  the  top,  thus  forming  a  cap  rock  for  the  gas 
sand.  It  ranges  in  thickness  from  40  to  slightly  more  than  65  feet 
and  in  places  contains  partings  of  shale  3  to  4  feet  thick,  or  rarely 
8  to  10  feet.  This  sand  has  been  studied  very  carefully,  and  its 
texture  and  porosity  are  described  in  detail  on  pages  92*93. 

29888*— BuU.  629—16 6 
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EOCENE  SERIES. 

Bocks  of  Tertiary  age  rest  on  the  uppermost  Cretaceous  f orma- 
tion  and  possibly  overlap  some  of  the  older  formations  of  the  Upper 
Cretaceous  seriea  These  deposits  are  the  oldest  and  lowermost  of 
the  Tertiary  system  and  belong  to  the  Eocene  series. 

Midway  formation. — ^The  oldest  of  the  Eocene  deposits — the  Mid- 
way formation — crests  upon  the  Cretaceous  in  eastern  Texas.  This 
formation  lies  at  the  surface  in  the  Mexia-Groesbeck  gas  field  and 
extends  both  northward  and  southward  in  a  narrow  belt  on  the  east 
side  of  the  boundary  line  between  the  Upper  Cretaceous  and  the 
Eocene,  as  shown  in  figure  1.  The  Midway  formation  consists 
of  clays  and  some  layers  of  fine  sands  and  sandy  clays.  When  fresh 
these  materials  are  blue  or  gray,  but  on  exposure  to  the  air  they 
become  yellow  or  black.  From  the  vicinity  of  Corsicana  southward 
beyond  a  line  drawn  eastward  from  Heame  a  series  of  limestone 
beds  occur  in  the  Midway  formation.  These  limestones  may  be  seen 
on  the  east  slope  of  Pisgah  Bidge  at  Tehuacana,  at  Horn  Hill,  on 
the  road  from  Heame  to  Thornton,  and  at  many  other  places.  They 
are  conspicuous  at  several  points  in  the  Mexia-Groesbeck  gas  field, 
the  best  exposures  being  at  the  Beunion  ground  and  near  Spring- 
field. Their  average  thickness  is  about  40  feet  and  their  maximum 
thickness  about  60  feet.  The  limestones  are  gray  where  freshly 
exposed,  but  on  weathering  they  become  yellow  or  brown.  When 
partly  dissolved  they  become  deeply  pitted*  Fossils  are  abundant 
in  some  beds  of  the  limestone. 

NATURAIi  GAS. 
OCCVBBENCE. 

Practically  all  the  rocks  of  the  earth's  crust  contain  crevices  or 
pores,  the  presence  of  the  crevices  being  obvious  wherever  hard 
rocks  are  exposed  to  view,  but  the  aggregate  volume  of  openings 
of  this  kind  is  small  when  compared  with  that  of  the  minute 
openings  called  pores.  The  average  porosity  of  rocks  of  different 
kinds  has  been  carefully  studied,  and  though  it  varies  greatly  it 
amounts  to  a  large  percentage  of  the  total  volume  of  all  rocks  except 
the  most  compact  Among  the  most  porous  rocks  are  sandstone  and 
coarse  shales,  though  many  limestones  are  nearly  as  porous  as  some 
sandstones. 

In  the  study  of  the  occurrence  of  natural  gas  the  pores  of  the  fine- 
grained rocks,  such  as  shale  and  clay,  even  where  their  aggregate 
TOlume  is  very  large,  are  of  little  importance,  because  in  general  the 
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gas  that  occurs  in  the  minute  pores  of  these  sediments  is  so  widely 
diffused  that  it  can  not  be  readily  recovered.  The  important  reser- 
voirs of  natural  gas  are  sands  and  sandst<mes,  though  in  a  few 
places,  including  scxne  comparatively  large  areas  in  Ohio  and 
Indiana,  porous  limestones  have  supplied  large  quantities  of  gas. 
The  gas  in  the  sands  and  sandstones  and  in  the  porous  limestones 
fills  the  pores  of  the  rock  and  is  commonly  under  considerable 
pressure. 

CAP  BOCK. 

The  gas  is  confined  by  a  relatively  impervious  formation  (cap  rock) , 
which  prevents  its  migration  toward  the  surface.  The  material  that 
most  commonly  forms  a  cap  above  gas  sands  is  a  bed  of  fine  shale, 
though  very  fine  grained  sandstones  serve  the  same  purpose  because 
the  pores  between  the  grains  are  small.  This  was  illustrated  by  an 
examination  of  a  portion  of  the  cap  rock  from  the  Mexia-Groesbeck 
gas  field,  which,  with  an  aggregate  pore  space  of  34.4  per  cent  of  the 
total  volume  of  the  sample,  contained  such  minute  individual  open- 
ings that  C.  E.  Van  Orstrand,  who  made  the  examination,  decided 
that  with  the  presence  of  a  small  amount  of  liquid  the  great  resistance 
offered  to  free  movement  of  gas  was  sufficient  to  make  the  rock  an 
efficient  cap.  Impervious  beds  below  the  gas  sand  are  not  everywhere 
required  to  confine  the  gas,  for  in  many  gas  fields  the  downward 
migration  of  the  gas  is  pi*evented  by  water. 

PRESSXJBE. 

The  term  rock  pressure,  as  applied  to  natural  gas,  is  commonly  used 
to  designate  the  pressure  under  which  the  gas  occurs  in  the  earth. 
It  is  determined  by  means  of  a  gage  placed  on  the  gas  well  and  read 
when  the  maximum  pressure  is  attained  after  the  well  has  been  closed 
to  prevent  the  escape  of  gas.  In  general  the  gas  is  associated  with  salt 
water,  and  the  initial  rock  pressure  ii^  a  ay  well  is  approximately 
equal  to  the  hydrostatic  pressure  of  a  column  of  water  with  a  height 
equivalent  to  the  depth  of  the  well.  It  therefore  varies  with  the  depth 
of  the  gas  sand  below  the  surface. 

The  rock  pressure  represents  the  maximum  closed  pressure  of  a  gas 
well,  but  determinations  are  also  made  by  permitting  the  well  to  flow 
freely  and  measuring  the  pressure  of  the  flowing  gas.  This  is  desig- 
nated as  open-flow  pressure.  After  a  well  has  been  permitted  to  flow 
in  the  air  for  some  time,  it  may  be  closed  and  the  pressure  read  at 
intervals,  usually  at  the  expiration  of  succeeding  minutes.  This  is 
called  minute  pressure. 

The  open-flow  pressure  is  an  index  of  the  volume  of  the  well,  and 
tables  have  been  constructed  for  the  estimation  of  volume  from 
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the  open-flow  pressure.  Minute  pressures  are  used  for  the  same  pur- 
pose, but  it  is  necessary  to  know  the  exact  diameter  and  depth  of  the 
well  in  order  to  estimate  the  amount  of  gas  that  enters  the  well  from 
the  sand  between  the  intervals  of  reading  the  pressure. 

It  is  sometimes  assumed  that  a  well  which  has  a  very  high  rock 
pressure  must  necessarily  have  a  large  volume  or  rate  of  flow,  but 
this  assumption  is  not  warranted,  though  the  rock  pressure  is  one  of 
the  factors  that  controls  the  volume.  It  is  also  sometimes  assumed 
that  when  gas  wells  have  declined  in  volume  and  pressure  they  will 
recover  if  they  are  closed  temporarily.  This  is  true  in  so  far  as  rock 
pressure  is  concerned,  the  recovery  being  due  to  the  movement  of 
water  or  oil  or  both  into  the  gas  sands,  reducing  the  bulk  of  the  gas 
and  thereby  increasing  the  pressure.  It  is  not  true  that  the  total 
quantity  of  gas  in  the  sand  will  be  increased  by  this  process,  for  it  is 
simply  a  matter  of  conc^itration  of  the  gas  already  in  the  sand. 
This  process,  however,  by  increasing  the  rock  pressure  increases  the 
volume  of  the  gas  that  can  be  obtained  from  the  well  and  thus  increases 
the  open-flow  pressure.  The  life  of  many  wells  may  also  be  prolonged 
in  this  way. 

ACCTrMULATIOK. 

Gas  rises  because  it  is  of  lighter  gravity  than  the  water  in  the  porous 
formations,  the  most  favorable  place  for  its  accumulation  being  the 
higher  portions  of  an  upward  arch  (anticline  or  dome)  of  the  gas 
sand.  The  quantity  of  gas  found  in  any  anticline  depends  on  the 
original  quantity  in  the  formation  and  the  percentage  of  it  that  has 
accumulated  in  the  anticline.  Another  favorable  position  for  gas  to 
accimiulate  is  where  the  general  inclination  or  dip  of  the  gas  sand  is 
interrupted  or  lessened  in  a  flat  terrace.  A  slight  upward  bend  in 
this  terrace  will  form  a  low  fold  similar,  in  many  respects,  to  an 
ordinary  anticline.  If  the  water,  with  which  the  gas  was  originally 
associated,  is  in  motion  this  may  facilitate  the  migration  of  the  gas 
and  its  accumulation  in  the'^anticlines  or  domes.  The  mode  of  ac- 
cumulation is  shown  graphically  in  figure  7  (p.  94). 

STRUCTURE. 
GENEBAL  CAUSES  AND  F0B3iS. 

The  attitude  of  the  strata  is  usually  discussed  under  the  term 
structure.  Most  sedimentary  beds  were  originally  almost  horizontal, 
but  many  have  been  disturbed  by  forces  that  altered  their  attitude, 
producing  structural  features  that  vary  in  character  with  the  re- 
sistance of  the  beds  and  the  intensity  and  direction  of  the  forces  caus- 
ing the  disturbance.  The  most  common  cause  of  such  disturbance  of 
the  original  attitude  of  deposits  is  pressure,  by  which  the  strata  may  be 
either  bent  or  broken.    The  bending  produces  folds,  and  the  breaking 
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and  slipping  of  severed  edges  of  strata  along  planes  produce  faults. 
The  accompanying  diagram  (fig.  S)  shows  simple  types  of  folds,  the 
upward  bends  being  known  as  anticlines  and  the  downward  as 
sjnclinea. 

Many  types  of  folds  and  faults  have  been  described,  but  most  of 
them  are  not  represented  in  the  Mezia-Groesbeck  gas  Geld,  and  the 
reader  who  desires  information  about  them  is  referred  to  textbooks 
on  geology  or  reports  dealing  with  the  subjects  of  folding  and 
faulting. 

The  steep  dips  of  the  gas  sand  in  the  Mexia-Groesbeck  field  show 
that  the  forces  which  produced  the  anticline  were  concentrated  in  a 


small  area  that  was  subjected  to  vigorous  disturbance.  It  is  probable 
that  this  intense  deformation  of  the  strata  was  accompanied  by  some 
faulting,  but  no  conclusive  evidence  of  the  existence  of  faults  in  the 
gas  field  was  obtained.  If  there  are  faults  in  the  field,  they  are 
doubtless  of  small  throw  and  extent. 

HETHODS  or  BEPBBSXHTATION. 

Structure  may  be  represented  diagrammatically,  as  m  figure  5,  or 
by  means  of  contour  lines,  as  in  Plate  YI.  These  lines  are  represented 
as  connecting  points,  on  the  top  or  bottom  of  a  stratum  of  rock,  that 
lie  at  the  same  distance  above  or  below  a  given  horizontal  plane, 
generally  sea  level.  When  contour  lines  are  thus  drawn,  indicating 
every  10  feet,  say,  of  difference  in  elevaliou,  or  any  other  definite 
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interval  (called  contour  interval)  that  may  be  adopted  for  the  whole 
map,  it  is  possible,  by  noting  the  closeness  and  the  direction  of  the 
contours,  to  interpret  the  character,  the  direction,  and  the  pitch  of 
the  slope  in  any  part  of  the  bed  that  has  been  uplifted  or  warped  out 
of  a  horizontal  position.  The  refinement  with  which  the  minor 
warping  can  be  shown  depends  on  the  amount  and  accuracy  of  the 
information  available  and  the  refinement  in  the  contouring  that  can 
be  based  on  it.  The  elevation  of  the  stratum  at  any  point  in  the 
contoured  area  may  be  determined  by  referring  to  the  elevations 
indicated  by  the  nearest  contour  line.  Diagrams  give  a  more  graphic 
picture  of  structure  than  contours,  but  their  usefulness  is  limited 
because  they  show  structure  only  along  certain  lines  across  the  area 
represented.  Contours  possess  the  advantage  of  showing  the  struc- 
ture over  the  entire  area  represented  on  the  map.  In  regions  of 
complex  folding  and  faulting,  where  it  is  impracticable  to  draw 
structural  contours,  diagrams  may  be  necessary,  but  in  regions  whei« 
the  rocks  are  only  slightly  deformed  contour  maps  are  more  satis- 
factory. The  reliability  of  the  contouring  depends  on  the  adequacy 
of  the  information  available.  Usually  some  prominent  bed  of  rock 
or  some  easily  recognized  formation  is  chosen  as  the  base  on  which 
the  contours  are  drawn. 

In  many  oil  and  gas  fields  persistent  coal  beds  have  been  used  for 
the  purpose  of  constructing  contour  maps,  but  in  the  Mexia-Groes- 
beck  field  the  cap  rock  of  the  gas  sand  is  the  only  formation  that 
could  be  used  for  this  purpose  except  the  sand  itself.  Inasmuch  as 
the  cap  rock  is  merely  the  upper  portion  of  the  sand,  which  has  been 
consolidated  to  varying  depths,  its  upper  surface  is  considered  the 
most  trustworthy  key  to  the  structure.  The  contours  on  the  structure 
map  of  the  Mexia^Groesbeck  field  (PL  YI,  in  pocket)  are  based  on 
the  top  of  the  cap  rock  and  show  its  depth  below  sea  level.  The  con- 
tour map  represents  the  key  rock  as  it  would  appear  if  all  overlying 
formations  were  removed.  The  position  of  the  contours  has  been 
determined  by  subtracting  the  elevation  of  the  surface  at  the  well 
from  the  depth  to  the  cap  rock. 

The  degree  of  accuracy  in  drawing  structure  contours  depends  in 
part  on  the  accuracy  of  measurement  of  the  depth  to  the  key  rock, 
and  in  part  on  the  number  and  distribution  of  the  wells  showing  the 
depth  to  the  key  rock.  In  general,  it  is  believed  that  the  measure- 
ments used  for  the  accompanying  map  are  reasonably  exact  and  that 
the  wells  are  sufficiently  numerous  and  distributed  over  enough  of 
the  territory  to  permit  accurate  contouring.  In  a  portion  of  the  field 
where  information  is  lacking  the  structure  has  been  represented  by 
dotted  lines  drawn  on  the  basis  of  surface  observations  on  outcrops 
of  limestone,  together  with  the  knowledge  of  the  character  and  gen- 
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eral  trend  of  the  anticline  that  is  shown  by  the 
contours.  In  order  to  show  more  clearly  the 
structure  of  the  Mexia-Groesbeck  field  a  pro- 
file showing  the  elevation  of  the  apex  of  the 
anticline  has  been  included  (fig.  6). 

MEXIA-OROESBECK  OAS  FIELD. 

LOCATION. 

The  Mexia-Groesbeck  gas  field  is  in  the  east- 
central  part  of  Limestone  County,  Tex.,  where 
it  occupies  a  long,  narrow  area,  having  an  ap- 
proximate length  of  12^  miles  and  an  approxi- 
mate width  of  0.9  mile.  The  map  of  this  field 
(PL  VI,  in  pocket)  shows  the  area  that  it 
occupies  and  its  relation  to  the  towns  of  Mexia 
and  Groesbeck.  The  present  developments 
are  comprised  in  an  area  extending  from  a 
point  near  Mexia  southward  to  Navasota  Hiver, 
and  in  another  area  extending  from  the  south 
side  of  the  river  to  a  point  a  short  distance 
southwest  of  Groesbeck.  It  is  entirely  prob- 
able that  the  actual  distribution  of  gas  is  such 
as  to  join  these  fields  through  the  strip  about 
0.9  mile  wide  that  now  lies  between  them. 

CONSUMFTIOK  OF  OAS. 

The  present  consumption  of  gas  from  this 
field  amounts  to  more  than  4,000,000  cubic  feet 
a  day,  which  is  drawn  from  about  20  wells, 
but  there  are  at  present  more  than  40  wells  in 
the  field  that  are  capable  of  supplying  gas  to 
pipe  lines.  In  addition,  several  wells  that  are 
now  in  so  bad  a  condition  that  they  can  not  be 
utilized  could  probably  be  made  to  supply  gas 
by  removing  the  accumulated  shale  and  sand. 

FBODUCTION. 

The  total  possible  production  from  the 
Mexia-Groesbeck  field  has  been  determined 
by  gaging  all  the  wells  that  could  be  allowed  to 
flow  open  for  a  long  enough  time,  usually  45 
minutes  or  more.    A  few  wells  were  connected 


§  s  §  § 


Q 

3 

I 

S 


I' 

tr 

9 

» 

o 


DC 
9 


1 

8 

fib 


O 
P 

9 

fi 


m 

a 

0 
9 


K 

a 

1 

f 

pr 

1 

IS. 


5 


88  GAS  BESOURCES  OP  PARTS  OF   NORTH   TEXAS. 

with  pipe  lines  in  such  a  way  that  it  was  impossible  to  open  them 
without  interfering  with  the  consumption  of  the  gas,  and  they  were 
not  gaged  in  this  investigation ;  but  reliable  information  concerning 
the  volume  of  most  of  them  was  obtained  from  records  of  earlier 
gaging.  In  addition,  some  wells  were  found  to  be  so  badly  clogged 
with  shale  and  sand  that  gaging  was  impossible.  The  original  vol- 
umes of  these  wells  were  ascertained  from  the  most  reliable  sources, 
and  after  making  due  allowance  for  depreciation,  an  estimate  was 
made  of  their  possible  present  volumes,  provided  they  were  cleaned 
out  and  connected  for  use.  The  details  of  the  methods  of  measure- 
ment and  results  are  given  in  another  section,  and  it  is  sufficient  to 
say  here  that  the  present  open-flow  volume  of  this  field  is  about 
220,000,000  cubic  feet  a  day. 

HISTOBY. 

The  beginning  of  active  drilling  in  the  vicinity  of  Mexia  dates  from 
the  first  operations  by  the  Mexia  Oil  &  Gas  Co.  under  the  active  man- 
agement of  J.  B.  Smith.  Ten  wells  were  drilled  before  a  suc- 
cessful dry  gasser  was  obtained,  and  this  well,  drilled  in  1912,  made 
the  first  production  in  the  field.  Prior  to  the  drilling  of  these  wells 
gas  had  been  known  in  a  few  shallow  water  wells  west  of  the  field  and 
had  been  exploited  in  the  vicinity  of  Corsicana.  Wells  showing  con- 
siderable volumes  of  gas  had  also  been  drilled  between  Corsicana  and 
Mexia,  but  salt  water  interfered  with  development. 

After  the  first  successful  well  was  completed  operations  were  much 
more  active,  with  the  result  that  seven  successful  wells  had  been 
drilled  by  July  25, 1913.  Eight  or  nine  other  wells  were  completed 
before  the  end  of  1913,  and  more  than  30  were  added  to  this  number 
during  1914.  The  ratio  of  successful  wells  and  dry  holes  may  be 
judged  from  the  examination  of  the  map  (PI.  VI)  which  shows  the 
location  of  the  wells  and  indicates  their  character. 

During  1914  pipe  lines  were  laid  to  connect  the  field  with  the  larger 
towns,  among  them  being  Mexia,  Groesbeck,  Waco,  Mart,  and  Corsi- 
cana ;  and  these  towns,  together  with  some  smaller  communities,  are 
still  being  supplied  with  gas  from  this  field. 

STBATA  ENCOTTNTEBED  IN  DBILLINO. 
MIDWAY  FORMATION. 

The  wells  in  the  Mexia-Groesbeck  gas  field  pass  through  the  lower 
Eocene  Midway  formation  and  penetrate  a  portion  of  the  Upper  Cre- 
taceous Navarro  formation.  The  exact  thickness  of  the  Midway  for- 
mation in  the  wells  can  not  be  determined  with  accuracy  because  the 
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descriptions  of  the  materials  encountered  in  drilling  are  not  complete 
enough  to  enable  a  geologist  to  distinguish  between  the  Midway  and 
the  Navarro.  The  Midway  formation  consists  of  clay,  limestone,  and 
sand  that  form  the  upper  50  to  200  feet  recorded  in  the  well  logs. 
The  limestone  varies  greatly  in  hardness  and  ranges  in  thickness  from 
40  to  60  feet.  It  is  interbedded  with  clay  and  where  it  is  soft  it  is 
often  described  as  clay.  Local  hardening  of  the  limestone  has  caused 
the  abandonm^it  of  many  wells  that  might  have  been  successful  if 
they  had  been  drilled  through  the  rock  to  the  gas  sand. 
'  Layers  of  the  limestone  are  exposed  on  eroded  surfaces,  and  where 
the  surface  is  level  the  successive  layers  form  bands  that  are  roughly 
parallel.  Such  layers  show  the  strike  of  the  beds,  and  two  of  them, 
known  as  the  east  and  west  ledges,  happen  to  be  so  situated  that 
nearly  all  the  wells  drilled  between  them  have  been  successful.  By 
following  these  ledges,  which  have  the  same  trend  as  the  structure, 
it  has  been  possible  to  develop  the  gas  field  across  the  uplands  both 
north  and  south  of  Navasota  River,  but  some  trouble  was  experienced 
south  of  the  river  because  a  layer  of  limestone  lying  stratigraphically 
higher  than  those  north  of  the  river  is  exposed  west  of  Groesbeck. 
This  limestone  was  erroneously  thought  to  be  the  same  as  one  of  the 
ledges  north  of  the  river,  and  the  mistake  led  to  the  drilling  of  two  or 
three  wells  where  the  gas  sand  was  so  low  on  the  anticline  that  it  con- 
tained very  little  gas. 

NAVABBO  FORMATION. 

The  upper  portion  of  the  Navarro  formation,  which  underlies  the 
Midway,  is  composed  of  clays  and  shales  with  thin  beds  of  sand  and 
sandstone.  It  is  in  most  places  so  easily  penetrated  with  a  rotary 
drill  that  a  few  wells  in  which  no  hard  rock  was  encountered  in  the 
Midway  formation  were  completed  in  two  or  three  days.  The  clays 
and  shale  of  the  Navarro  formation  range  in  color  from  dark  gray  to 
black,  except  20  to  60  feet  of  shale  immediately  overlying  the  gas 
sand,  which  is  light  gray. 

The  gas  sand  of  the  Mexia-Groesbeck  field  has  been  called  the 
Nacatoch  sand  member  of  the  Navarro  formation,  and  in  the  general 
discussion  of  the  geology  (p.  80)  the  evidence  is  presented  for  the  cor- 
relation of  this  sand  with  the  Nacatoch  sand  of  northwestern  Louisi- 
ana and  southwestern  Arkansas.  The  Nacatoch  sand  of  the  Mexia- 
Groesbeck  field  consists  of  light-gray  fine  quartz  sand  with  many  dark 
grains  of  glauconite.  The  upper  part  of  this  sand  is  cemented  into 
a  hard  sandstone  which  is  known  to  the  drillers  as  the  cap  rock. 
This  cap  rock  is  much  denser  than  the  gas  sand  and  has  a  thickness 
ranging  from  1  to  10  feet  and  averaging  about  5  feet.  Beneath  the 
cap  rock  the  sand  is  porous  except  where  ther^  are  layers  and  lenses 
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of  clay.  That  the  clay  forms  a  negligible  portion  of  the  Nac&toch 
sand  is  shown  by  its  absence  in  48  wells  out  of  a  total  number  of  more 
than  50  wells.  In  the  Mexia-Groesbeck  field  the  Nacatoch  sand  has  a 
maximum  thickness  of  more  than  65  feet  and  an  average  thickness, 
if  the  cap  rock  is  not  included,  of  more  than  40  feet. 

OAS-BEABING  SAND. 

AREA. 

Measurements  of  the  limits  in  depth  of  the  gas-bearing  sand  are 
essential  in  order  to  estimate  the  area  underlain  by  sand  that  will  be 
productive.  Several  careful  computations  were  made  to  determine 
to  what  depth  the  sand  is  filled  with  gas.  Some  of  the  wells 
in  the  north  end  of  the  field  were  still  in  dry  sand  at  depths  of  slightly 
more  than  200  feet  below  sea  level,  farther  south  salt  water  was  en- 
countered at  about  198  feet  below  sea  level,  and  in  the  south  end  of  the 
field  salt  water  was  encountered  at  about  207  feet  below  sea  level.  In 
order  to  make  a  safe  estimate  the  margin  of  the  gas-bearing  area  was 
drawn  at  a  depth  of  200  feet  below  sea  level,  or,  as  the  cap  rock, 
upon  which  the  contours  are  drawn,  has  an  average  thickness  of 
5  feet,  at  the  195-foot  contour. 

EFFECT  OF  CX7RVATURE  ON  THE  AREA  AND  QUANTmr  OF  THE  QA8  SAND. 

An  examination  of  the  map  showing  the  structure  of  the  Mexia- 
Groesbeck  field  (PI.  VI,  in  pocket)  will  show  that  the  surface  of  the 
gas  sand  is  not  horizontal  but  is  bent  upward  in  the  form  of  an 
anticline.  In  considering  the  productive  area  and  the  quantity  of 
gas  sand  that  might  be  expected  to  contain  gas,  it  was  thought  that 
this  curvature  might  have  an  important  bearing  on  the  results,  and  in 
order  to  determine  whether  the  curvature  was  important  E.  L.  Mc- 
Nair  made  computations  based  on  profiles  of  the  top  of  the  sand  across 
different  portions  of  the  anticlines,  so  selected  that  the  maximum  and 
minimimi  curvatures  and  the  mean  curvature  might  be  included. 

From  the  profiles  made  from  these  cross  sections  the  actual  rise 
was  computed  for  10  different  grades,  the  maximum  grade  being  8 
per  cent  and  the  minimum  0.8  per  cent,  with  an  average  of  about  3.7 
per  cent.  For  the  maximum  grade  the  increase  in  area  of  the  gas- 
bearing  sand  on  1  square  mile  resulting  from  the  upward  slope  of 
the  strata  is  0.64  per  cent,  which  is  equivalent  to  an  increase  of 
about  2  inches  in  thickness.  For  a  5  per  cent  rise  the  increase  in 
area  is  only  0.25  per  cent,  which  is  equivalent  to  an  increase  of 
0.8  inch  in  thickness.  It  is  apparent  that  the  curvature  of  the  sand 
is  a  factor  too  small  to  make  any  appreciable  difference  in  the  results 
and  need  not  be  considered  in  computing  the  areas  and  volumes  of 
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productive  sand,  and  the  computations  here  given  are  therefore  based 
on  the  area  that  the  sand  would  occupy  if  it  were  horizontal.  Meas- 
urements of  the  area  of  sand  included  in  the  contour  of  195  feet  below 
the  sea  gave  4,094  acres  of  proved  territory  north  of  Navasota  River 
and  2,360  acres  south  of  the  river,  with  an  intermediate  area  of  1,124 
acres  unproved  but  probably  gas  bearing. 

THICKNESS  OF  THE  SAND. 

Very  few  of  the  gas  wells  in  the  Mexia-Oroesbeck  field  reach  the 
base  of  the  gas  sand,  and  it  is  therefore  difficult  to  determine  the 
exact  thickness  of  the  sand.  Many  of  the  wells  on  the  higher  part 
of  the  anticline  penetrate  the  sand  to  a  depth  of  more  than  20  feet, 
and  oral  reports  have  been  given  of  thicknesses  greater  than  43  feet. 
Evidently,  therefore,  the  thickness  is  considerably  greater  than  is 
indicated  in  the  gas  wells.  On  the  eastern  margin  of  the  field  the 
Harden  well  encountered  40  feet  of  sand.  The  Munger  Oil  &  Cotton 
Co.'s  well,  on  the  Hickman  lease,  showed  the  following  section: 
Sand,  15  feet ;  gumbo,  10  feet ;  sand,  40  feet.  One  of  the  Stitt  wells 
showed  the  following  section :  Sand,  15  feet ;  gumbo,  10  feet ;  sand,  50 
feet.  There  is  no  reason  to  doubt  that  these  beds  maintain  a  similar 
thickness  throughout  the  gas  field,  though  variations  from  the  sec- 
tions given  above  are  to  be  expected.  Apparently  the  gumbo  of  the 
Hickman  and  Stitt  wells  is  lenticular,  because  it  was  not  encountered 
in  the  Harden  well,  and  many  of  the  gas  wells  that  penetrated  the 
sand  to  depths  of  more  than  20  feet  did  not  encounter  gumbo.  A 
moderate  estimate  of  the  average  thickness  of  sand  in  the  field,  ex- 
clusive of  the  cap  rock,  is  believed  to  be  40  feet. 

QUANTrrr  of  the  gas  sand. 

The  computations  made  to  determine  the  area  of  producing  gas 
sand  in  the  Mexia-Groesbeck  field  gave  a  total  of  7,568  acres — 4,094 
acres  of  developed  territory  north  of  Navasota  Hiver,  2,360  acres  of 
developed  territory  south  of  the  river,  and  1,124  acres  of  undeveloped 
territory  between  the  two  tracts. 

On  the  higher  parts  of  the  anticline  in  the  Mexia-Groesbeck  field 
the  gas  would  occupy  the  pores  in  the  entire  thickness  of  the  sand, 
and  this  condition  would  prevail  down  to  a  depth  of  200  feet  below 
sea  level.  As  the  gas-bearing  sand  has  a  thickness  of  40  feet,  the 
area  in  which  all  the  sand  contained  gas  would  be  inclosed  by  the 
155-foot  contour  and  would  amount  to  34  per  cent  of  the  developed 
area  north  of  Navasota  River,  50  per  cent  of  the  developed  area  south 
of  the  river,  and  35  per  cent  of  the  undeveloped  territory. 

With  a  thickness  of  40  feet,  this  portion  of  the  field  contains 
about  half  the  gas-bearing  sand  in  the  developed  areas  and  more 
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than  half  the  gas-bearing  sand  in  the  undeveloped  area.  The  gas 
would  occupy  only  a  portion  of  the  total  thickness  of  the  sand  in  an 
area  where  the  base  of  the  sand  was  below  the  level  of  the  salt  water, 
which  rises  to  200  feet  below  sea  level.  The  area  containing  gas- 
bearing  sand  would  be  bounded  by  the  195-foot  contour,  because,  with 
an  average  thickness  of  5  feet  for  the  cap  roc^  and  a  salt-water  level 
at  200  feet  below  sea  level,  no  gas  in  commercial  quantities  could  be 
expected  beyond  that  contour,  though  small  pockets  might  be  found 
where  the  bottom  of  the  cap  rock  is  uneven  or  where  there  are  local 
flexures  in  the  sand.  The  areas  of  gas  sand  included  between  the 
155-foot  and  195-foot  contours  are  66  per  cent  of  the  developed  terri- 
tory north  of  Navasota  River,  50  per  cent  of  the  developed  territory 
south  of  the  river,  and  65  per  cent  of  the  undeveloped  territory.  In 
these  areas  the  thickness  of  the  sand  that  lies  above  the  level  of  salt 
water  and  contains  gas  ranges  from  practically  nothing  to  40  feet, 
with  an  average  of  20  feet.  With  this  thickness,  the  volume  of  the 
gas-bearing  sand  amounts  to  half  the  quantity  in  the  developed  areas 
and  to  less  than  half  the  quantity  in  the  undeveloped  area. 

The  total  volume  of  the  gas-bearing  sand  in  the  field  would  be 
9,141,400,000  cubic  feet,  85  per  cent  of  which  is  in  the  developed 
territory  and  15  per  cent  in  the  undeveloped  territory. 

PORE  SPACE. 

Samples  of  the  gas  sand  from  the  Mexia-Groesbeck  field  were  sub- 
mitted to  C.  E.  Van  Orstrand,  of  the  United  States  Geological  Sur- 
vey, to  determine  the  amount  of  pore  space  they  contained.  His  de- 
terminations showed  from  16.6  to  34.2  per  cent  of  pore  space,  with 
an  average  of  25.5  per  cent,  which  would  amount  to  2,331,057,000 
cubic  feet.  Only  a  small  part  of  that  amount  belongs  to  the  un- 
developed area,  the  largest  part  of  it  being  in  the  developed 
areas.  There  can  be  no  doubt  that  the  entire  pore  space  of  the  gas 
sand  was  occupied  by  gas,  because  the  pressure  when  the  field  was 
first  developed,  276  pounds  to  the  square  inch,  was  sufficient  to  force 
the  gas  into  even  the  most  minute  pores.  It  might  be  contended  that 
the  average  porosity  of  the  sand  may  not  continue  throughout  the 
gas  field,  but  such  a  contention  would  not  agree  with  the  generally 
uniform  decline  of  pressure  throughout  the  field,  which  indicates 
uniform  porosity,  for  if  there  were  obstacles  to  free  movement  of 
gas  in  the  sand  in  the  form  of  fine-grained  portions  of  the  sand  or 
beds  of  shale  there  should  be  much  greater  variations  in  the  pressure « 
of  wells  that  are  close  together  because  of  unequal  rates  of  decline. 
Moreover,  the  relatively  large  volume  of  the  wells,  even  of  those 
drilled  only  a  few  feet  into  the  sand,  indicates  that  the  sand  must 
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be  yery  porous,  because  the  volume  depends  largely  on  the  rock  pres- 
sure and  the  porosity  of  the  sand,  and  with  a  present  average  rock 
pressure  of  200  pounds  to  the  square  inch  the  average  volume  of  86 
wells  is  over  5,000,000  cubic  feet  a  day. 

DISTBTBUTIOK  01*  THE  WELLS. 

Nearly  50  producing  gas  wells  have  beetf  drilled  in  an  area  having 
an  average  length  of  about  16^  miles  and  an  average  width  of  0.8  mile. 
The  locations  of  the  wells  in  all  except  the  south  end  of  the  field  have 
been  controlled  chiefly  by  the  requirements  of  the  leases  that  contained 
drilling  contracts  and  to  a  certain  extent  by  the  desire  to  offset  wells 
of  competing  companies. 

The  developed  portion  of  the  field  contains  approximately  6,454 
acres,  and  the  nimiber  of  wells  actually  drilled  in  this  area  is  as  great 
as  would  be  required  to  drain  the  gas  from  the  entire  field,  including 
the  undeveloped  territory.  For  comparison  it  may  be  stated  that  in 
some  localities  it  has  been  held  that  only  one  gas  well  should  be 
drilled  to  each  800  al^res.  It  is  doubtful,  however,  if  any  limiting 
area  can  be  chosen  that  will  be  satisfactory  for  all  gas  fields,  because 
the  acreage  required  will  vary  with  the  structure  of  the  gas  field,  the 
relation  of  the  gas  to  the  salt  water,  and  the  size  of  the  pores  and  con- 
sequent freedom  of  movement  of  gas  in  the  sand.  An  ideal  arrange- 
ment of  wells  in  the  Mexia-Groesbeck  field  would  be  to  space  them  at 
such  distances  from  the  sides  of  the  gas-bearing  area  that  they  would 
have  equal  quantities  of  gas  on  each  side.  The  distribution  of  the 
wells  along  the  longer  axis  of  the  anticline  should  be  controlled  by 
the  variations  in  the  width  of  the  fold,  and  the  spacing  between  two 
adjacent  wells  should  not  be  greater  than  one-half  the  average  width 
of  the  fold  in  the  vicinity  of  the  wells.  If  spaced  at  greater  intervals 
the  wells  will  not  drain  all  the  gas  from  the  sand.  For  a  full  utiliza- 
tion of  the  available  supply  the  distance  between  any  two  wells  should 
be  equal  to  the  shortest  distance  from  either  of  the  wells  to  the 
margin  of  the  gas-producing  area.  This  distance  would  be  less  than 
one-half  the  average  width  of  the  field  near  the  wells,  and  where  so 
spaced  the  wells  might  be  expected  to  interfere  with  each  other,  but 
this  interference  would  work  no  injury  to  the  field  and  would  merely 
diminish  the  daily  yield  of  each  well. 

In  the  south  end  of  the  field  the  wells  are  distributed  in  such  a 
way  as  to  leave  an  interval  of  about  half  a  mile  between  them. 
This  interval  is  probably  a  little  too  great  for  the  full  utilization  of 
the  gas.  Under  the  existing  conditions  all  the  gas  in  this  field  can  be 
utilized  only  by  controlling  the  yield  of  some  of  the  wells  that  are  too 
near  the  margin.  This  statement  is  best  explained  by  reference  to 
figure  7,  a.  To  draw  too  heavily  upon  wells  A  and  C  will  raise  the 
level  of  the  salt  water  and  cut  off  from  the  main  body  of  the  gas  a 
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portion  of  that  which  is  coDtained  io  the  sand  farther  down  the 
dip.  By  checking  the  flow  of  these  wells  nearly  all  the  gas  in  the 
sand  at  lower  levels  than  those  at  which  they  penetrate  it  may  be 
recovered.  Well  B,  drawing  from  the  sand  at  a  point  where  there  is 
no  salt  water,  wUl  have  a  much  longer  life  and  supply  a  much  greater 
total  quantity  of  gas  because  it  will  continue  to  flow  after  the  salt 
water  has  migrated  upward  beyond  wells  A  and  C. 


PiODU  7. — Diagram*  •howlns  tbe  occurrence  of  CM  and  Mlt  water  In  dUterait  tolda  and 
tbelr  relallon  to  the  production  of  «>■  welti.  a.  Portion  at  tbe  nnd  entirely  lllled  wjtb 
gu ;  D,  Mlt  water  eitenillag  beneath  the  entire  body  of  aand  containing  gas. 

In  those  portions  of  the  field  where  the  sand  lies  so  low  that  the  con- 
ditions represented  in  figure  7,  h,  prevail  the  flow  of  gas  from  all  tbe 
wells  situated  like  those  shown  in  the  diagram  will  need  to  be  con- 
trolled carefully  in  order  to  prevent  the  salt  water  from  rising  to  the 
top  of  the  sand  in  the  vicinity  of  the  wells  before  the  total  quantity 
of  gas  has  been  utilized. 

DETEBUIHATIOHS  OS  FBESBUBE. 

In  determining  the  rock  pressure  of  the  wells  in  the  Mezia-Groes- 
beck  field  three  separate  gages  were  used.  These  gages  belonged  to 
Supt  Anderson,  of  the  Mezia  Oil  &  Gas  Co,  Mr.  F.  G.  Clapp,  and  Mr. 
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R.  L.  Underwood.  The  determinations  with  these  gages  did  not  agree 
very  closely.  Those  made  with  the  gages  of  Mr.  Underwood  and 
Supt  Anderson  checked  within  1  or  2  pounds  of  each  other,  but  those 
made  with  Mr.  Clapp's  gage  were  from  5  to  12  pounds  less  than  the 
pressures  shown  by  the  others.  It  was  not  practicable  to  have  these 
gages  tested  by  a  machine  company,  and  they  were  therefore  checked 
with  the  Foxboro  line  gage  of  the  Mexia  Oil  &  Gas  Co.  The  readings 
of  the  line  gage  and  Mr.  Clapp's  gage  showed  a  difference  of  12 
pounds  at  the  time  the  test  was  made,  and  subsequent  comparisons  of 
Mr.  Clapp's  gage  with  those  of  Mr.  Underwood  and  Supt.  Anderson 
showed  a  similar  difference.  Corrections  in  accordance  with  these 
differences  were  applied  to  readings  that  were  made  with  Mr.  Clapp's 
gage  alone. 

The  37  wells  used  in  determining  the  rock  pressure  for  the  field 
gave  an  average  of  200  pounds  to  the  square  inch,  but  the  variations 
between  the  wells  in  different  portions  of  the  field  were  so  marked 
that  it  seems  best  to  separate  them  into  groups.  The  average  pres- 
sure of  27  wells  north  of  Navasota  River  was  about  188  pounds  to 
the  square  indi.  The  av^age  of  six  wells  just  south  of  Navasota 
Eiver  was  approximately  210  pounds,  and  the  average  of  four  wells 
just  west  of  Groesbeck,  belonging  to  the  Hobinson  Oil  &  Gas  Co., 
was  about  270  pounds. 

The  original  rock  pressure  of  this  field  in  July,  1913,  after  seven 
wells  had  been  drilled,  averaged  about  276  pounds,  and  in  October, 
1915,  one  of  the  wells  belonging  to  the  Eobinson  Oil  &  Gas  Co. 
showed  a  decline  of  only  2  pounds  from  this  average,  though  some 
of  the  wells  between  the  Eobinson  Oil  &  Gas  Co.'s  properties  and 
Navasota  Eiver  had  declined  in  pressure  below  200  pounds.  On  the 
north  side  of  the  Navasota  very  few  wells  showed  pressures  as  high 
as  200  pounds  at  the  time  of  gaging,  and  the  maximum  pressure 
determined  was  213  pounds.  The  decline  in  rock  pressure  is  shown 
in  figure  8. 

Rock  pressures  of  tcells  in  the  Mexia-Groesbcck  gas  field. 
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In  37  wells  the  average  rock  pressure  was  200  pounds  to  the  square 
inch,  though  in  the  territory  between  the  two  developed  areas  the 
pressure  should  be  nearly  up  to  the  initial  276  pounds  per  square 
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inch,  and  if  wells  were  drilled  in  this  undereloped  territory  they 
would  doubtless  raise  the  average.  Three  additional  wells  could  be 
drilled  in  the  undeveloped  territory  near  Navasota  River  that  would 
probably  have  an  average  pressure  nearly  equal  to"  the  wells  west  o^ 
Groesbeck.  With  these  additional  wells  the  average  pressure  of  tbf 
field  would  be  about  205  pounds  per  square  inch. 
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FiouBB  8. — Diagram  showing  the  decline  of  rock  pressure  and  the  increase  in  the  numMfl 
of  prodacing  wells  in  the  Mezla-Groesbeck  gas  field.  A,  Decline  in  whol«  field;  B^[ 
decline  in  part  of  field  north  of  Navasota  Biver ;  C,  increase  in  number  of  wells. 

OFEN-FLOW  VOLUMES  OF  THE  WELLS. 

In  order  to  determine  the  capacity  of  the  wells  in  the  Mexia* 
Groesbeck  field  measurements  were  taken  of  the  open-flow  pressi 
of  36  representative  wells,  and  the  volumes  were  estimated  by  using^ 
tables  issued  for  this  purpose  by  the  Oil  Well  Supply  Co.  These 
tables  are  copies  of  those  published  in  volume  6  of  the  Ohio  Geo- 
logical Survey,  pages  372  and  373,  and  represent  careful  determina* 
tions  of  the  value  of  open-flow  pressures  in  volmne,  stated  in  cubii 
feet  daily.  Nearly  all  the  wells  gaged  to  determine  open-flow  pi 
sures  were  allowed  to  flow  into  the  air  for  periods  of  45  minutes  or' 
longer,  and  in  many  of  them  the  pressure  was  gaged  at  intervals  of 
15  minutes  from  the  time  the  wells  were  opened.    One  well,  Webster 
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No.  2  of  the  Robinson  Oil  &  Gas  Co.,  was  allowed  to  flow  23^  hours, 
and  its  pressure  was  determined  at  intervals  for  the  purpose  of  con- 
structing a  curve  showing  the  decline  of  pressure.  This  curve,  to- 
gether with  the  curve  of  another  well  in  the  south  end  of  the  field,  is 
shown  in  the  accompanying  diagram  (fig.  9).  The  list  given  below 
states  the  open-fiow  volumes  of  the  wells  at  the  expiration  of  45 
minutes  after  they  were  opened.    Most  of  the  figures  represent  actual 


Fig u BE  9. — Diagram  showing  the  rate  of  decline  In  open-flow  pressure  of  representative 

wells  in  the  Mexia-Groesbeck  gas  field. 

measurements,  but  the  determinations  for  a  few  wells  were  made  by 
interpolation  or  by  prolongation  of  the  curve  obtained  from  read- 
ings for  a  shorter  period.  The  determinations  were  based  on  a  tem- 
perature of  50°  F.  for  storage  of  the  gas. 

Open-ftoic  volumes  of  wcHs  in  the  Mexia-Orocffbecl:  ffeld,  in  ciihic  feet  a  day. 
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The  total  open  flow  for  30  wells  at  the  expiration  of  45  minutes  was 
181,919,545  cubic  feet  a  day.  To  this  total  should  be  added  about 
40,000,000  cubic  feet  for  wells  not  gaged.    This  volume  could  probably 
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be  increased  15,000,000  to  20,000,000  cubic  feet  by 
drilling  enough  wells  to  develop  the  territory 
between  the  producing  areas,  but  the  open  flow 
of  existing  wells  is  about  220,000,000  cubic  feet 
a  day. 

COimiTION  OF  THE  WiXLS. 

The  condition  of  the  wells  in  the  Mexia-Groes- 
beck  gas  field  will  seriously  affect  the  amount  of 
gas  that  can  be  obtained  from  them  and  the 
amount  that  can  ultimately  be  obtained  from  the 
entire  field.  Most  of  the  wells  at  the  south  end 
of  the  field  ha\e  been  cased  to  the  cap  rock,  but 
the  contact  between  the  casing  and  tlie  cap  rock 
is  not  sufficiently  tight  to  prevent  the  esrn|)e  of 
gas  around  the  outside  of  the  casing.  Cement 
has  therefore  been  poured  into  the  well  around 
the  casing  to  stop  the  escape  of  gas  at  the  surface, 
but  the  efficacy  of  this  method  of  cementing  may 
be  doubted,  because  not  all  the  gas  lost  reaches 
the  surface.  In  the  northern  part  of  the  field  the 
casings  were  set  in  the  wells  at  some  distance 
above  the  top  of  the  gas  sand.  Many  of  the  wells 
are  finished  with  4-inch  casing  set  with  the  bot- 
tom some  distance  abova  the  gas  sand.  (See  fig. 
10.)  In  some  of  these  wells  a  packer  is  placed  in 
position  indicated  by  '"  Packer  A."  In  order  to 
prevent  underground  leakage  of  gas  and  caving 
of  the  sides  of  the  hole  the  casings  should  be 
extended  to  the  cap  rock  and  the  packer  set  at 
the  point  marked  B.  Some  of  these  wells  will 
probal)ly  need  to  be  tubed  with  2-ineh  pipe,  with 
a  packer  (B)  as  shown  in  the  diagram.  The 
pressure  of  the  gas  in  these  wells  declined  rapidly 
before  the  construction  of  the  principal  pipe  lines 
and  the  utilization  of  the  gas  in  the  cities  that  are 
now  being  supplied.  This  decline  in  pressure 
was  due  in  part  to  the  escape  of  gas  into  the 
strata  above  the  cap  rock,  and  the  amount  thus 
lost  and  the  leakage  from  the  gate  valves  and 
pipe  lines  amounted  to  about  24  per  cent  of  all 
the  gas  originally  in  the  field.  This  amount 
-(!bb  b-pu  of  gjis  was  lost  while  the  consumption  was  only 
jrocB  I  c      „bout  i  per  cent  of  the  total  supply  of  gas  in  ibe 
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field;  or,  stated  in  a  different  way,  the  waste  has  been  about  six 
times  as  great  as  consumption. 

The  conservation  of  gas  after  it  is  drawn  from  the  wells  is  an 
engineering  problem,  because  it  depends  upon  prevention  of  leaks 
from  pipe  lines,  valves,  and  other  fittings,  but  the  question  of  pre- 
venting loss  underground  is  geological,  being  controlled  in  part  by 
the  character  of  the  strata.  The  gas  lost  underground  was  in  part 
taken  up  by  the  shale  adjoining  the  lower  portions  of  the  wells,  below 
the  bottom  of  the  casing,  but  in  some  wells  some  of  the  gas  appears  to 
have  found  its  way  upward  around  the  casing  into  porous  strata  that 
contained  some  fresh  water.  In  addition  to  the  loss  of  gas,  the  gas 
entering  the  fresh-water  strata  displaced  some  of  the  water,  which  de- 
scended into  the  well  and  now  appears  in  the  form  of  water  vapor  or 
as  moisture  in  the  shale  that  is  blown  from  the  well.  There  are  some 
indications  that  the  rate  of  decline  of  pressure  resulting  from  the  loss 
of  gas  in  the  strata  above  the  cap  rock,  at  first  rapid,  is  now  gradually 
diminishing,  probably  because  the  openings  in  the  strata  near  the 
well  are  becoming  filled  with  gas. 

It  was  at  first  believed  that  as  the  pressure  of  the  field  was  lowered 
by  consumption  through  pipe  lines  a  portion  of  the  gas  that  had 
entered  the  shales  and  sands  above  the  cap  rock  might  return  to  the 
well,  but  when  the  wells  were  gaged  it  was  found  that  the  lowering 
of  the  pressure  resulting  from  the  flow  of  gas  into  the  air  permitted 
the  expansion  of  gas  in  the  shales  at  so  rapid  a  rate  that  fragments 
of  shale  were  loosened  from  the  wall  of  the  well.  Probablv  also  some 
fresh  water  was  forced  down  around  the  casing  by  gas  in  the  upper 
water-bearing  sands.  It  appears,  therefore,  that  an  attempt  to  re- 
cover the  gas  that  has  escaped  into  the  formations  above  the  cap  rock 
is  likely  to  be  attended  by  clogging  with  shale  and,  in  some  wells,  by 
flooding  with  fresh  water.  To  avoid  this  danger  it  will  be  neces- 
sary to  tube  some  of  the  wells  with  a  pipe  of  smaller  diameter,  having 
a  packer  at  the  lower  end,  which  should  be  firmly  seated  in  the  cap 
rock.  This  will  necessarily  result  in  diminishing  the  volume  of  gas 
that  can  be  supplied  from  these  wells,  and  most  of  the  wells,  being 
cased  with  4-inch  pipe,  will  need  to  be  tubed  with  2-inch  pipe.  This 
will  decrease  the  volume  of  these  wells  to  only  about  one-sixth  of  the 
volume  supplied  through  the  4-inch  casings,  but  it  should  prevent 
some  of  the  wells  from  being  clogged  with  shale  or  flooded  with  fresh 
w^ater  and  in  that  way  prolong  their  period  of  production. 

AMOUNT  OF  GAS  THAT  CAN  BE  UTILIZED. 

The  total  quantity  of  gas  in  the  Mexia-Groesbeck  field  has  been 
estimated  at  2,331,057,000  cubic  feet  under  a  pressure  of  200  pounds 
per  square  inch  at  the  time  the  investigations  for  this  report  were 
made;  but  it  is  improbable  that  this  gas  can  all  be  drawn  from  the 
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sand  for  commercial  use.  In  the  Cherryvale  field,  Kansas,  wells  with 
a  pressure  of  8  pounds  to  the  square  inch  still  had  an  average  volume 
of  28,810  feet  a  day,  and  it  is  therefore  apparent  that  wells  may  be 
utilized  under  a  comparatively  low  pressure.  However,  computa- 
tions made  by  G.  F.  Becker,  of  the  United  States  Geological  Survey, 
show  that  nearly  95  per  cent  of  the  gas  will  have  been  utilized  when 
the  pressure  is  reduced  to  15  pounds,  provided  the  total  bulk  of  the 
sand  occupied  by  the  gas  were  as  much  as  at  the  present  time.  This 
estimate  is  too  small  by  an  amount  that  will  depend  on  the  rate  of 
utilizMion  of  the  gas  and  the  rate  of  movement  of  the  water  into  the 
sand  as  the  pressure  is  lowered.  As  both  of  these  factors  are  un- 
known, it  is  not  possible  to  determine  in  advance  just  what  quantity 
of  sand  will  be  occupied  by  gas  when  the  pressure  has  been  lowered  to 
15  pounds  to  the  square  inch,  and  in  order  to  avoid  overestimating 
the  amount  of  gas  that  can  be  utilized,  it  is  assumed  that  the  quantity 
of  gas  sand  continues  uniform. 

LIFE  OF  THE  FIELD. 

Few  problems  present  as  great  difficulties  as  are  met  in  attempting 
to  estimate  the  life  of  a  gas  field,  because  it  is  difficult  to  determine 
the  amount  of  gas  in  the  sand  and  almost  impossible  to  estimate  In 
advance  the  percentage  of  the  available  supply  that  will  be  utilized. 
The  amount  of  loss,  both  by  leakage  and  by  leaving  gas  in  the  sand, 
can  not  be  estimated  in  advance,  because  they  depend  upon  the  con- 
ditions controlling  exploitation.  Under  the  most  favorable  con- 
ditions, where  the  field  is  controlled  and  exploited  as  a  unit  and 
where  care  is  exercised  in  the  construction  and  maintenance  of  pipe 
lines  and  in  the  utilization  of  wells,  the  amount  of  gas  recoveretl 
and  marketed  should  be  much  higher  than  if  the  field  is  exploited  in 
the  usual  way.  In  attempting  to  make  comparisons  between  the 
Mexia-Groesbeck  field  and  those  of  other  localities,  it  was  found 
that  the  conditions  governing  exploitation  and  the  amount  of  gas 
originally  present  were  so  variable  that  it  was  not  possible  to  reach 
satisfactory  conclusions  based  on  experiences  in  other  fields.  It 
would  of  course  be  possible  to  determine  the  average  life  of  a  largL* 
number  of  gas  fields,  but  it  is  very  doubtful  if  this  would  fumisli 
any  guide  in  arriving  at  a  safe  conclusion  concerning  the  probable 
life  of  the  Mexia-Groesbeck  field,  because  of  the  diversity  in  occur- 
rence, in  amount  of  gas,  methods  of  exploitation,  and  many  other 
factors.  The  marked  variations  of  diflFerent  gas  fields  from  the  aver- 
age that  has  been  obtained  show  the  impracticability  of  attempting  to 
estimate  the  life  of  a  gas  field  by  comparison  with  other  fields.  Some 
fields  have  been  found  to  be  productive  for  more  than  10  yeai-s,  and 
(tthers  have  been  exhausted  in  a  short  time.  For  example,  the  Hog- 
shooter  field,  in  Oklahoma,  was  productive  on  a  large  scale  for  only  a 
little  more  than  two  years. 
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For  the  reasons  enumerated,  it  seems  best  to  summarize  the  infor- 
mation concerning  the  amount  of  gas  remaining,  the  percentage  of 
the  original  supply  that  has  already  been  withdrawn  from  the  field, 
and  the  proportion  of  this  amount  that  has  been  utilized  by  con- 
sumers. These  facts,  together  with  a  knowledge  of  the  history  and 
condition  of  the  field,  should  make  it  possible  for  those  engaged  in 
the  future  exploitation  of  the  field  to  obtain  the  maximum  amount 
of  gas  by  reducing  to  a  minimiun  the  loss  during  exploitation. 

The  consumption  of  10  to  12  per  cent  of  the  open-flow  volume  of  the 
wells  in  the  Mexia-Groesbeck  field  should  be  possible,  provided  the 
wells  are  tubed  to  the  cap  rock  and  kept  in  good  condition.  The  total 
amount  of  this  open  flow  will  be  reduced  if  the  tubing  is  done  with 
2-inch  pipe,  and  the  capacity  of  the  wells  tubed  will  be  only  about 
one-sixth  of  their  present  capacity.  The  life  of  the  field  will  depend 
in  considerable  measure  on  careful  and  systematic  exploitation.  If 
wells  near  the  margin  of  the  field  are  allowed  to  yield  as  freely  as 
those  on  the  higher  portions  of  the  sand,  they  will  soon  begin  to  blow 
salt  water  and  will  ultimately  become  flooded.  The  eflFect  of  heavy 
draft  on  marginal  wells  will  be  to  bring  the  salt  water  that  occurs  be- 
neath the  gas  into  the  wells,  thereby  interfering  with  the  flow  of  gas. 
At  the  same  time  the  upper  portion  of  the  gas  sand  a  short  distance 
from  the  well  may  still  contain  gas  that  under  careful  management 
should  have  been  recovered.  This  condition  is  shown  graphically  in 
figure  7  (p.  94),  and  it  can  be  avoided  by  controlling  the  flow  of  the 
wells  near  the  margin  of  the  field.  The  entrance  of  salt  water  into  a 
well  might  be  partly  remedied  by  lowering  its  head  by  pumping,  as 
it  was  found  in  some  of  the  Kansas  fields  that  a  flow  of  100,000  cubic 
feet  of  gas  a  day  could  be  obtained  from  a  salt-water  well  by  this 
nnethod,  but  the  cost  of  pumping  would  probably  be  greater  than  the 
value  of  the  gas  recovered  from  most  of  the  wells,  and  it  will  be  better 
practice  to  delay  the  incursion  of  salt  water  by  checking  the  flow  of 
the  marginal  wells. 

The  Mexia-Groesbeck  field,  when  examined  in  October,  1915, 
contained  2,331,057.000  cubic  feet  of  gas,  under  a  pressure  of  200 
pounds  per  square  inch.  This  volume  may  be  regarded  as  compara- 
tively unimportant,  but  when  it  is  considered  that  gas  is  consumed 
under  a  much  lower  pressure  and  has  a  much  greater  volume,  it  will 
be  found  that  there  is  enough  gas  remaining  in  this  field  to  be 
important.  The  gas  now  in  the  field,  if  placed  in  a  container  under 
a  pressure  of  15  pounds  per  square  inch,  would  have  a  volume  of 
31,080,766,666  cubic  feet.  If  the  prospective  consumption  from  this 
field  by  the  cities  now  being  supplied  be  estimated  at  1,500,000,000 
cubic  feet  a  year,  this  amount  of  gas  could  be  expected  to  last  for 
more  than  20  years,  or  if  the  computations  made  are  regarded  as  too 
great  by  as  much  as  50  per  cent  it  would  still  last  more  than  10 
years,  provided  there  was  no  loss  from  leakage.    If  the  amount  of 
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gas  allowed  to  escape  from  wells  and  pipe  lines  continued  to  be  as 
great  as  in  the  past,  the  field  should  supply  the  present  demands 
for  5  to  7  years,  and  the  percentage  of  the  actual  amount  of  gas  from 
the  sand  tiiat  can  be  used  will  ultimately  depend  on  the  skill  of  the 
engineer  in  drawing  it  from  the  groimd  and  transporting  it  to  the 
market. 

The  present  capacity  of  the  wells,  estimated  at  10  per  cent  of  the 
open-flow  volume,  would  be  about  22,000,000  cubic  feet  a  day,  but  if 
the  field  is  drawn  upon  at  this  rate  without  improving  existing  condi- 
tions of  the  wells  many  of  them  will  continue  to  supply  gas  but  a 
short  time.  If  these  wells  should  be  improved  and  gas  drawn  from 
the  wells  at  the  rate  of  22,000,000  cubic  feet  a  day,  the  total  volume 
in  the  field  would  last  about  3f  years,  but  again  it  is  necessary  to 
^  consider  the  ratio  of  consumption  to  waste,  and  the  actual  life  of  the 
field  under  such  conditions  will  depend  on  this  ratio. 

ANALYSES. 

The  accompanying  analyses  of  gas  from  the  Mexia-Groesbeck  field 
were  made  by  G.  A.  Burrell  in  the  laboratory  of  the  Bureau  of  Mines 
at  Pittsburgh,  and  an  analysis  of  swamp  gas  collected  near  Natchez, 
Miss.,  is  added  for  comparison.  The  samples  were  selected  from 
different  parts  of  the  field  and  show  the  striking  uniformity  in  the 
composition  of  the  gas,  which  is  nearly  pure  methane  (CH^),  with 
small  amounts  of  nitrogen  (N)  and  carbon  dioxide  (COg). 

Analysis  No.  1  represents  a  sample  taken  from  the  Mexia  Oil  & 
Gas  Co.'s  Adamson  well,  near  the  north  end  of  the  gas  field.  Sample 
No.  2  was  taken  from  the  Central  Texas  Oil  Co.'s  Gamble  well, 
between  the  Adamson  well  and  Navasota  River.  The  Posey  well 
No.  1  of  the  Herring  Oil  &  Gas  Co.,  a  short  distance  south  of  Nava- 
sota Eiver,  supplied  sample  No.  3.  Sample  No.  4  came  from  the 
Anglin  well  of  the  Eobinson  Oil  &  Gas  Co.,  at  the  south  end  of  the 
field.    Sample  No.  5  is  the  swamp  gas  from  Natchez,  Miss. 

Analyses  of  gas. 

[G.  A.  Burrell,  analyst.] 
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A  heating  capacity  of  1,047  British  thermal  units  is  much  higher 
than  that  of  the  gas  of  the  Petrolia  field,  described  by  Mr.  Shaw  on 
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page  41,  which  has  a  heating  value  of  755  British  thermal  units. 
Interpreted  in  quantities,  this  means  that  1,000  cubic  feet  of  gas  from 
the  Mexia-Groesbeck  field  has  a  heating  value  equivalent  to  about 
1,390  cubic  feet  of  gas  from  the  Petrolia  field.  As  shown  by  the  table, 
the  swamp  gas  represented  by  sample  No.  5  has  a  somewhat  higher 
heating  value  than  the  gas  from  the  Petrolia  field  and  a  much  lower 
value  than  that  of  the  Mexia-Groesbeck  field. 

POSSIBILITY  OF  EXTENDING  THE  FIELD. 

The  southern  limit  of  the  Mexia-Groesbeck  field  has  been  outlined 
in  the  recent  drilling  by  the  Robinson  Oil  &  Gas  Co.,  but  this  does  not 
mean  that  additional  anticlines,  having  the  same  general  trend,  may 
not  be  found  farther  south.  In  fact,  there  seems  to  be  a  very  good 
possibility  for  the  occurrence  of  gas  south  of  this  field.  This  infer- 
ence is  drawn  from  the  fact  that  a  number  of  wells  drilled  at  random 
have  encountered  small  volumes  of  gas  in  the  Nacatoch  sand  and  from 
the  additional  fact  that  the  general  disturbances  which  produced  the 
Mexia-Groesbeck  anticline  have  been  distributed  over  a  much  larger 
area  than  is  represented  in  that  anticline.  The  attempts  of  the  writer 
to  ascertain  the  extent  of  possible  producing  territory  in  that  direc- 
tion were  hampered  by  the  fact  that  the  surface  exposures  are  poor 
and  by  the  lack  of  well-defined  rock  layers  that  can  be  traced  over  a 
large  enough  area  to,  determine  structure.  It  should  be  noted,  how- 
ever, that  if  more  time  could  have  been  devoted  to  the  work^  some 
results  might  have  been  attained. 

Some  wildcat  wells  have  been  located  beyond  the  southern  limits 
of  the  field,  and  it  is  possible  that  they  may  furnish  information  con- 
cerning the  structure,  even  though  they  may  not  be  successful  in  find- 
ing commercial  quantities  of  gas. 

The  general  trend  of  the  structure  near  the  north  end  of  the 
Mexia-Groesbeck  field,  together  with  some  observations  on  the  dip 
of  shale  beds,  has  suggested  the  possibility  of  extending  the  produc- 
ing area  toward  the  north.  The  most  promising  locality  for  such  an 
extension  is  indicated  on  the  structure  map  (PL  VI,  in  pocket) ,  and 
one  or  two  wells  should  be  sufficient  to  test  the  possibilities  of  obtain- 
ing gas  in  the  area  north  of  the  field. 

POSSIBLE  INCBEASE  IN  NTJHBEB  OF  GAS  SANDS. 

At  the  present  time  the  Mexia-Groesbeck  gas  field  derives  its  sup- 
ply from  a  single  sand,  and  no  question  has  aroused  more  general 
interest  than  that  concerning  the  possibility  of  finding  additional 
sands  at  greater  depths  that  may  prove  productive  of  either  gas  or  oil. 
Consideration  of  the  general  section  of  the  Upper  Cretaceous  forma- 
tions shown  in  the  diagram  of  the  refinery  well  at  Corsicana  (PI. 
VII)  warrants  the  conclusion  that  there  is  a  probability  of  finding 
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additional  sands  at  greater  depth.  The  question  whether  or  not  the 
sands  will  be  productive  is  one  that  can  not  be  answered  except  by 
drilling,  though  there  seems  to  be  an  excellent  chance  that  some  of 
them  will  yield  either  gas  or  oil  or  both. 

In  discussing  the  geology  it  was  noted  that  the  characteristic  fos- 
sils of  the  Nacatoch  sand  member  of  the  Navarro  formation  are  found 
at  the  surface  at  Corsicana  and  in  the  gas  sand  at  Mexia.  This  leads 
to  the  conclusion  that  the  surface  formations  at  Corsicana  are  the 
substantial  equivalents  of  those  that  would  be  foimd  just  below  the 
gas-bearing  sand  at  Mexia  and  Groesbeck.  In  the  refinery  well  at 
Corsicana  the  gas  sand  was  encountered  at  a  depth  of  1,075  to  1,095 
feet  and  the  oil  sand  between  1,205  and  1,215  feet.  These  sands  may 
possibly  be  represented  in  the  Mexia-Groesbeck  field,  and  although 
their  exact  depth  there  can  not  be  stated  with  accuracy,  they  should 
be  expected  between  the  gas  sand  of  that  field  and  the  Austin  chalk. 
If  the  beds  at  these  horizons  should  prove  to  be  barren,  additional 
sands  will  be  found  at  still  greater  depths.  The  Woodbine  sand  was 
encountered  in  the  refinery  well  at  Corsicana  at  a  depth  of  2,381  to 
2,436  feet,  and  another  porous  sand  at  2,444  to  2,484  feet.  If  a  well 
drilled  to  test  the  lower  sands  should  prove  unsuccessful  above  the 
Austin  chalk,  it  might  be  well  to  continue  to  these  deeper  sands  in 
order  to  determine  whether  they  are  oil  or  gas  bearing  in  the  Mexia- 
Groesbeck  field.  In  spite  of  the  fact  that  these  beds  contain  potable 
water  at  Corsicana,  it  is  worth  while  to  test  them  for  oil  and  gas 
in  the  Mexia-Groesbeck  field,  where  the  structure  is  exceptionally 
favorable  for  the  accumulation  of  oil  and  gas.  The  best  place  to  lo- 
cate a  well  to  test  the  deep  sands  in  the  Mexia-Groesbeck  field  would 
be  where  the  upper  gas  sand  is  high.  Preference  should  therefore  be 
given  to  the  areas  where  this  sand  rises  nearest  to  sea  level,  as  shown 
by  the  contours  on  Plate  VI  (in  pocket) . 

SUMMABY. 

Of  the  area  examined  east  and  southeast  of  Dallas  only  the  Mexia- 
Groesbeck  field  can  be  regarded  as  capable  of  producing  enough  gas 
to  be  of  importance  to  a  large  city,  and  the  value  of  this  field  depends 
very  largely  upon  the  elimination  of  waste  in  the  production  and 
marketing  of  the  gas.  The  total  volume  of  gas  in  October,  1915,  has 
been  estimated  at  31,080,766,666  cubic  feet,  under  a  pressure  of  15 
pounds  per  square  inch,  the  approximate  pressure  of  consumption. 
If  marketed  at  a  rate  of  1,500,000,000  cubic  feet  per  year,  the 
probable  average  consumption  from  existing  pipe  lines,  the  esti- 
mated life  of  that  field,  provided  there  is  no  waste,  would  be  a 
minimum  of  10  years  and  a  maximum  of  20  years;  if  marketed 
at  the  rate  of  22,000,000  cubic  feet  per  day,  the  capacity  of  the 
existing  wells,  the  amount  of  gas   in    the   field   should    be   great 
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enough  to  last  about  three  and  three-fourths  years,  though  before  the 
expiration  of  the  period  the  existing  wells  would  need  to  be  supple- 
mented by  others  in  the  undeveloped  territory,  and  in  order  to  trans- 
port the  gas  to  greater  distances  than  the  length  of  the  present  pipe 
lines  it  would  be  necessary  to  install  compressors.  It  is  possible  that 
the  Mexia-Groesbeck  field  may  be  extended  toward  the  north  and  that 
new  fields  of  similar  character  may  be  found  both  to  the  north  and 
south  of  the  existing  field.  An  area  10  to  20  miles  wide  extendin<^ 
from  Baileyville  northeastward  to  the  vicinity  of  Greenville  and 
Cooper  is  regarded  as  worthy  of  more  detailed  geologic  examination 
and  prospecting  with  the  drill,  with  the  expectation  of  finding  other 
fields  similar  to  the  Mexia-Groesbeck  field.  It  is  probable  that  new 
producing  sands  will  be  found  in  this  pool,  and  some  of  them  may 
have  a  greater  capacity  than  the  sand  that  has  already  been  developed. 

WELL  LOOS. 


Logs  of  wells  furnished  by  the  Mexia  Oil  rf  Gas  Co, 

Pittman  weU  No.  26. 

(Driller,  S.T.  Sturdevant.    581feetof  6-Inch  caslne,  with  4-lnch  liner  and  tubing;  concrete  between  casing 

and  liner  ana  outside  of  casing.] 
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Black  shale  with  streaks  of  gas  sand , 
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Oumbo  with  la3rBre  of  sand  and  bowlders,  streaxed , 

Tough  gumbo 
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White  "gippv 
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Tough  gumbo. 
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Loose  blue  shale;  petroleum  odor. 

Tough  gumbo 

Blue  shale 

Gumbo. 


Gray  shale 

Wmte  gumbo  and  gray  shale. 
Hard 


cap 


Sand  and  gumbo,  streaked , 


Depth. 


Kimble  weU  No.  24. 

[Driller,  8.  T.  Sturdevant.   33  feet  9  inches  of  S-inch  casing:  612  feet  of  4-inch  casing.] 
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Blue sand  

Shale  and  grayel 

Black  shale 

Hard  black  slate 

Gray  or  blue  sandy  shale. 

Black  shale 

Gumbo 

Gray  shale 

White  shale 

Cap  rock  (porous  sand) . . 

Sand 

Porous  rock,  second  cap. . 


32 

32 

8 

40 

20 

60 

25 

85 

50 

135 

15 

150 

105 

255 

345 

600 

15 

615 

25 

640 

10 

650 

6 

656 

11 

667 

8 

675 

106 
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Logs  of  wells  furnished  by  R.  L.  Underwood. 

Bates  wen  No.  1. 


Surfiioe 

Lime  rock.. 
Black  shale. 
Gumbo 


Gray  shale.. 
Gumbo..... 


Gray  shale 

Gumbo 

Gray  shale  and  sand. 
Gumbo 


Gray  shale  and  some  sand. 

Gumbo 

Light  shale  and  sand 

Cap  rock 

Gas  sand  (gas  at  900  feet).. 
Salt  water  at 


FeeL 

8 

Itt 

50 

40 

70 

ao 

100 
80 

150 
40 

100 

ao 

52 
3 
5 


S 
175 

»>a 

333 
353 

453 
533 
«S3 

723 
823 
Ml 
SS6 
S» 
903 
912 


B.  B.  Barron  well  No.  1. 


Rock 

Shale 

Rock  and  sand  (show  of  gas  at  930  feet) 

Shale 

Rock 

Shale 

Rock 

Shale 

Rock 

Shale 

Sand  (show  of  gas) 

Shale  and  gumbo 


Surface  sand 

Yellow  clay 

Blue  rock 

Blue  shale 

Shale  rock 

Blue  shale 

Shale  and  gumbo 

Gumbo 

Blue  shale 

Gravsliale 

White  shale 

Cap  rock 

Gas  sand 


296 
83S 
930 
1,030 
1,022 
1,250 
1,253 
1,420 
1,421 
1,700 
1.920 
2,000 


Logs  of  wells  furnished  by  T.  F.  Smith, 
Lonlae  Gamble  weU  No.  1. 

[Drilled  in  1914.    Wall,  packer.    658  feet  of  0-inch  casing;  657  feet  of  4-inch  casing.] 


Joe  Kennedy  well  No.  2. 

filmed  in  1914.1 


Soil  sand... 
Jointclav.. 
Blue  shaJe. . 

Gumbo 

Blue  shale.. 
Gray  shale. 
Whjte  shale 
Cap  rock... 
Gas  sand... 


4 

4 

47 

a 

34S 

s» 

44 

413 

100 

60 

S3 

«» 

4 

«40 

7 

617 

23 

670 
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Logs  of  iioelU  furnished  by  T,  F.  Smith — Continaed. 
A.  G.  Manning  wdl  No.  1. 

[Drfited  in  1914.    20  feet  of  6-inch  cadng;  735  feet  of  6-incb  casing  ] 


Soil  sand 

Yellow  d&y. 
Lime  rock... 
Water  sand. 
Lime  rock... 
Packed  sand 
Lime  rode... 
Packed  sand 
Lime  rock... 
Packed  sand 
Blue  shale. . 

Omnho 

Blue  shale. . 
Gray  shale.. 
White  shale. 
Cap  rock.... 
Oassand.... 


Thick- 
ness. 

Depth 

Feet. 

Feet. 

3 

3 

17 

20 

27 

47 

3 

50 

84 

134 

30 

164 

11 

175 

11 

186 

12 

198 

54 

252 

340 

592 

45 

637 

10 
80 

^ 

11 

738 

3 

741 

11 

753 

Mackey  well  No.  2. 


Surface  soil. 
Yellow  clay 
Black  shale. 
White  shale 
Cap  rook... 
Oas  sand. . . 


4 

4 

33 

37 

600 

637 

41 

678 

4 

682 

8 

690 

William  SteTcna  wdl  No.  2. 

[DriUed  in  1914.) 


Surface  sand 
Lime  rock... 
Packed  sand 
Lime  rock.. 
Packed  sand 
Black  shale. 

Gumbo 

Black  shale. 

Gumbo 

Blue  shale.. 
Light  shale. 

Cap  rock 

Sand 

Salt  water. 


8 

3 

16 

19 

8 

27 

14 

41 

42 

83 

180 

263 

37 

300 

95 

395 

185 

580 

60 

640 

48 

688 

1 

689 

U 

70O 

W.  H.  Hin  weU  No.   1. 

[Drilled  in  1914.] 


Surface  sand 

Joint  day 

Blue  shale 

Lime  rock 

Packed  sand ^ 

Lime  rock 

Packed  sand 

Blue  shale 

Gumbo 

Blue  shale 

White  shale 

Cap  rock 

Gas  sand. 


4 

4 

42 

46 

280 

326 

38 

864 

40 

404 

3 

407 

12 

419 

95 

514 

85 

599 

90 

689 

13 

702 

8 

710 

12 

722 
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Logs  of  wells  furnished  by  T.  F.  Smith — Ck)ntinaed. 

W.  H.  Hin  wen  No.  S. 


Surfiaoe  sand . . 

Joint  clay 

Rock  and  sand 

Blue  shale 

Lime  rock 

Blue  shale 

Gumbo 

Blue  shale 

Light  shale 

Cap  rock 

Sand 

Salt  water. 


Thick- 


Feet. 

Feet. 

3 

3 

16 

19 

184 

203 

74 

277 

30 

307 

27 

334 

195 

529 

104 

633 

85 

718 

2 

720 

12 

732 

Depth. 


J.  B.  Beat  weU  No.  1. 


Surface 

4 

34 

174 

30 

190 

85 

118 

80 

1 

4 

4 

Joint  clay 

S 

Lime  rock 

aos 

Packed  sand 

232 

Black  shale 

422 

Gumbo 

507 

Black  shale 

£5 

White  shale 

705 

Cap  rock 

7D6 

Sand 

710 

Salt  water. 

Joe  Kennedy  well  No.  3. 


Surface  sand 

Joint  clay 

Blue  shale 

Gumbo  and  ^le 

Gumbo 

Blue  shale 

Gray  shale 

White  shale 

Cap  rock 

Gas  sand 


1 

1 

45 

66 

288 

354 

27 

sa 

85 

4G6 

127 

593 

67 

660 

5 

663 

8 

673 

20 

083 

A.  E.  Berthcnon  well  No.  2. 

[Drilled  in  1014.] 


Surface  sand 

Yellow  clay 

Lime  rock 

Packed  sand  and  rocks. 

B  lue  shale 

Gumbo 

Blue  shale 

Light  shale 

Cap  rock 

Gas  sand 


A.  E.  Berthenon  well  No.  3. 

[DrlUed  hi  1914.] 


Surface  sand 

Yellow  clay 

Lime  rock 

Lime  rock  and  packed  sand , 

Blue  shale 

Gumbo 

Gray  shale 

White  shale 

Cap  rock 

Gas  sand 


3 

24 
124 

90 
240 

40 
153 

48 
7 

21 


151 
241 
4S1 
521 
674 
722 
729 
7S0 


4 

4 

19 

23 

131 

154 

94 

24S 

245 

493 

120 

6U 

45 

658 

41 

099 

24 

?2S 

24 

747 
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Logs  of  toells  furnished  by  T,  F.  Smith — Continued. 

A.  E.  BcrtlMrMii  well  No.  4. 

[Drfl]edi]il914.) 


Depth. 


SurfBoesoIL 

Yellow  clay 

Lime  rock. 

Lime  rock  and  packed  sand 

Blue  shale 

Limer9ck 

Bloeahale 

Gumbo 

Gray  shale 

White  shale 

Cap  rock 

Gas  sand 


Stewart  well  No.   1. 


Brown  surtece  sand 

Yellow  day 

Lime  rock 

Water  sand 

Umerock. 

Sand  rock 

Blue  shale 

Gumbo 

Gumbo  and  shale . . 

Gray  shale 

Light  shale. 

Cap  rock. 

Oassimd 

Salt  water. 


3 

3 

28 

31 

8 

39 

12 

51 

4 

fiS 

12 

67 

92 

159 

74 

233 

278 

511 

124 

635 

34 

609 

1 

670 

6 

676 

Joe  Kennedy  well  No.  1. 


Brown  snrteoe  sand 

Joint  day 

Blue  shale 

Shell  rock 

Blue  shale 

Shale  rock 

Blue  shale 

Gumbo  and  shale . . 

Gumbo 

Lieht  shale 

White  shale 

Cap  rock 

Gas  sand 


3 

8 

45 

48 

184 

232 

3 

235 

10 

245 

7 

252 

227 

479 

30 

509 

60 

569 

64 

633 

28 

661 

12 

673 

18 

691 

William  Sterens  well  No.  1. 

[Drffled  hi  1914.] 


Surface  sand 

Joint  clay 

Sand  rock 

Blue  shale 

Sand  rock 

Blue  shale 

Gumbo  and  shale 

Gumbo 

Blue  shale 

Light  gray  shale.. 

White  shale 

Cap  rock 

Gas  sand 


I 


1 

1 

18 

19 

3 

23 

15 

37 

8 

45 

170 

216 

140 

355 

200 

555 

35 

500 

87 

677 

21 

698 

2 

700 

20 

720 
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Logs  of  wellB  fumUhed  by  T.  F.  Smith — Continued. 

R.   H.  Lyle  wdl  No.   1. 


Thlck- 
neas. 

Depth. 

PurfftCfl  mnd 

Feet 

8 
32 

8 
16 

343 
60 
35 
10 
20 
85 
28 
3 
8 

Fut. 
8 

Joint  clay 

• 

40 

RftT»d  roc  v.  .      .... 

44 

Watw  sand 

M 

Li~ne  rock 

6 

Packed  sand 

132 

Blue  shale '. 

477 

Oumbo 

537 

Bine  shale , 

572 

Gumbo 

582 

Blue  8h^ie -  r .  .   , . , , . 

602 

Lieht  shale 

6S7 

White  shale 

715 

Cap  rock 

718 

Oassand , 

726 

R.  H^  Lyle  well. 

[Drilled  in  1914.  ] 

fl^irfiLpe  sand  r , .  - r 

0 

45 

375 

40 

165 

64 

3 

3 

10 

« 

51 

Blue  shale 

436 

466 

Blue  shale 

631 

695 

White  shale         

m 

701 

Gas  sand 

711 



Mackey  weU  No.  1. 

Surface  soil 

3 
44 

173 
38 

120 

170 
40 

212 

3 

Yellow  clay 

47 

230 

Lime  rock 

258 

378 

Gumbo 

548 

SS6 

Black  shale 

soo 

AREA  COVERED  BY  A  QENERAL  RECONNAISSANCE. 

PBINCIPAL   EEATUBES. 

A  general  reconnaissance  was  extended  from  the  vicinity  of  Thorn- 
ton northward  a  distance  of  120  miles  to  Cash,  and  covered  a  strip  of 
territory  from  10  to  20  miles  in  width.  At  many  places  in  this  area 
small  quantities  of  gas  have  been  found  associated  with  salt  water, 
and  gas  has  been  developed  in  commercial  quantities  at  Mexia, 
Groesbeck,  Corsicana,  and  Chatfield.  In  addition,  a  large  quantity 
of  oil  has  been  obtained  in  the  vicinity  of  Corsicana.  The  presence 
of  the  gas  indicates  that  the  areas  are  underlain  by  formations  that 
may  supply  gas  or  oil  wherever  the  structure  is  favorable  for  the  ac- 
cumulation of  these  substances.  The  surface  exposures  are  so  poor 
that  search  for  such  structure  must  be  confined  very  largely  to  the 
collection  of  data  from  wells.  Information  obtained  at  Wortham, 
Currie,  Corsicana,  Mabank,  and  Cash  shows  that  there  has  been  more 


QAS  SOUTH  AND  SOUTHEAST  OF  DALLAS. 


Ill 


or  less  deformation  of  the  strata  throughout  a  large  part  of  the  ai'ea 
examined.  The  evidence  indicates  that  the  former  southeasterly  dip 
of  the  formations  in  this  territory  is  in  many  places  lessened  and  at 
some  places  even  reversed,  the  dip  being  toward  the  northwest.  The 
presence  of  this  area  of  deformation  leads  to  the  conclusion  that  it 
probably  contains  other  undiscovered  structures  similar  to  those  at 
Mexia,  Groesbeck,  Corsicana,  and  Chatfield.  It  is  inferred  that  these 
structures  probably  have  small  areas,  and  their  discovery  will  depend 
very  largely  on  drilling  wildcat  wells,  with  such  assistance  as  can 
be  rendered  by  a  geologic  study  of  the  scattered  surface  exposures 
and  the  logs  of  wildcat  wells  that  have  already  been  drilled. 

WOBTHAM. 

One  of  the  first  discoveries  of  gas  south  of  Corsicana  was  made 
at  Wortham,  about  7  or  8  miles  north  of  Mexia.  The  discovery  well 
was  owned  by  the  city  and  was  within  the  corporate  limits.  It  had 
a  very  large  flow  of  gas  and  sprayed  enough  oil  to  stain  the  buildings 
in  the  vicinity.  The  log  of  this  well,  furnished  by  Mr.  C.  L.  Wither- 
spoon,  showe  the  character  of  the  formations  penetrated. 

Log  of  the  city  well  at  WortUam, 


Shale  and  nimbo 

Hard  giimbo  and  shale. 

Hard  sand 

Gumbo 

Rock 

White  sand 

Rock 

Oil  and  gas  sand 


Depth. 


Fetl, 

i,iao 

1,200 

1,230 

1,250 

1,254 

1,250 

1,2^} 

1,280 


Another  well  drilled  near  Wortham,  on  the  Speed  lease,  furnishes 
a  section  to  a  greater  depth  than  the  city  well. 

Log  of  Speed  well,  near  WortJiam. 


No  rpcord 

Shale  and  gumbo,  with  some  saad . 

H'lrd  sand,  with  some  shale 

Bof  t  shale 

Hard  sand  rock 

Soft  shale 

Lime  rock i 


Depth. 


Feef. 
800 
1,255 
1,510 
1.600 
1,740 
2,230 
2,248 


The  hard  sand  rock  at  660  to  740  feet  contained  enough  gas  to  blaze 
above  the  floor  of  the  derrick  when  ignited.  The  lime  rock  en- 
countered at  the  bottom  of  the  well  is  apparently  the  Austin  chalk,  and 
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this  log,  together  with  that  of  the  city  well,  shows  that  there  are  at 
least  two  sands  in  the  shales  and  clays  overlying  the  Austin  chalL 

The  city  well  at  Wortham  was  completed  May  12, 1912,  and  while 
the  casing  was  being  withdrawn  it  blew  out  with  so  large  a  volume  of 
gas  that  it  could  not  be  controlled.  It  continued  to  blow  gas  with  a 
spray  of  oil  for  a  week,  when  it  finally  became  choked  vnth  sand. 
The  driller  asserts  that  it  was  the  largest  gas  well  that  was  ever  drilled 
in  Texas.  The  unusual  volume  of  gas  obtained  from  this  well  caused 
considerable  excitement  and  led  to  the  drilling  of  a  number  of  others 
One  well  about  50  feet  from  the  city  well  was  drilled  to  a  greater 
depth  without  encountering  either  gas  or  oil.  Another  well  about  50 
yards  east  of  the  discovery  well  encountered  enough  oil  at  a  depth  of 
about  1,180  feet  to  permit  the  pumping  of  about  one  barrel  a  day. 
A  well  about  50  yards  south  of  the  discovery  well,  with  a  depth  of 
about  1,220  feet,  had  a  flow  of  gas  estimated  at  4,000,000  cubic  feet  a 
day,  but  this  flow  continued  only  a  short  time  until  the  well  was 
flooded  with  salt  water. 

According  to  the  reports  of  some  of  the  citizens,  more  than  30  wells 
were  drilled  in  the  vicinity  of  the  town,  but  none  of  the  others  en- 
countered enough  gas  or  oil  to  be  of  any  value.  Apparently,  the 
structure  conditions  in  this  vicinity  are  unfavorable  for  the  accumu- 
lation of  any  large  quantity  of  either  gas  or  oil,  though  they  may  be 
found  in  small  areas,  such  as  those  around  the  city  well  and  the  other 
productive  wells  near  by. 

CUBBIE. 

The  accompanying  diagram  (fig.  11)  shows  the  distribution  of  a 
few  wells  in  the  vicinity  of  Currie.  These  wells  are  of  considerable 
interest  because  some  of  them  had  large  volumes  of  gas  when  they 
were  first  drilled,  and  at  least  one  of  them  was  capable  of  producing  a 
small  amount  of  oil.  The  Henry  Swink  well  (No.  1)  is  still  bubbling 
considerable  gas  four  years  after  it  was  drilled  and  makes  a  better 
showing  than  any  of  the  other  wells  in  the  vicinity  of  Currie.  The 
depth  of  the  gas  sand  in  this  well  could  not  be  learned. 

Well  No.  2  is  now  being  drilled  to  test  the  capacity  of  the  shallow 
oil  sand. 

Well  No.  3,  on  the  Quinby  farm,  encountered  gas  sand  at  a  depth  of 
419  feet  below  sea  level.  This  well  now  shows  a  small  amount  of  gas 
bubbling  through  salt  water.  A  thin  bed  of  sand  was  encountered  at 
a  depth  of  300  feet,  below  a  thick  layer  of  limestone. 

Another  well  (No.  4)  that  was  drilled  three-fourths  of  a  mile  north 
of  Currie,  on  the  Hillburn  farm,  encountered  oil  in  sand  5  feet  thick 
at  a  depth  of  360  feet.    Beneath  the  oil  sand  was  33  feet  of  lime  rock. 
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and  the  gas  sand  was  encountered  at  882  feet  and  -extended  to  a  depth 
of  904  feet.    The  log  of  this  well  from  904  feet  down  is  as  follows : 

Log  of  lower  part  of  HiUhum  well  near  Currie, 


Shale  and  gumbo 

Salt-water  sand 

Sand  rock ■ 

Pack  sand  with  some  shale 
Shale  and  gombo 


Depth. 


Feet. 

067 

901 

1,120 

1,600 


A  little  high- 
gravity  oil  is  now 
flowing  from  this 
well  and  is  accom- 
panied by  a  few 
bubbles  of  gas  and 
a  large  amount  of 
alkaline  water.  The 
gas  comes  from  the 
sand  at  a  depth  of 
542  feet  below  sea 
level,  and  the  oil  is 
reported  to  be  from 
the  sand  immedi- 
ately overlying  the 
limestone. 

About  half  a  mile 
east  of  the  Hillburn 
well  gas  was  en- 
countered in  a  well 
drilled  on  the  Brin- 
son  farm  (No.  5). 
The  exact  depth  to 
the  gas  -  bearing 
sand  at  that  point 

could  not  be  learned,    r'looRa  ll. — Diagram  showing  the  relations  of  wells  drilled  at 

and  according  to  the 

most  reliable  information  the  flow  of  gas  lasted  only  a  few  hours. 

The  well  on  the  Frank  Wright  farm  (No.  6),  near  the  Houston  & 

Texas  Central  Eailroad  at  Currie,  is  said  to  have  yielded  sufiicient 

29388'~Bull.  629—16 8 


MILES 
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gas  to  be  utilized,  but  within  a  few  (days  the  flow  of  salt  water  became 
so  large  that  the  well  had  to  be  abandoned.  The  log  of  this  well  is  as 
follows : 

Log  of  Frank  Wright  well,  Currie, 


Band  and  day 

Bhala 

Hard  lima  rock 

Shala  with  a  faw  btowlders  < 

Oassand 

Gumbo 

Salt  watar  sand. 


k  •  •  I 


Thlc^. 
nass. 

Depth. 

Fett, 

Fed, 

70 

» 

290 

3G0 

40 

400 

450 

850 

15 

«3 

20 

^ 

20 

905 

The  varying  depths  to  the  gas  sand  in  the  vicinity  of  Currie  suggest 
that  the  sand,  if  it  is  continuous,  must  have  undergone  a  marked  de- 
formation, probably  accompanied  by  faulting  on  a  large  enough  scale 
to  destroy  its  continuity.  As  an  alternative  explanation,  it  may  be 
suggested  that  the  gas  sand  in  this  area  is  really  in  the  form  of  discon- 
tinuous lenses,  but  in  either  case  the  conditions  do  not  appear  favor- 
able for  the  development  of  commercial  quantities  of  gas,  though  it 
might  be  worth  while  to  prospect  some  of  the  adjoining  territory. 

COBSICAKA. 

Corsicana  has  been  the  center  of  both  oil  and  gas  production,  but 
the  value  of  oil  has  been  much  greater  than  that  of  gas.  Petroleum 
was  discovered  in  this  region  more  than  15  years  ago,  and  although 
the  field  has  never  been  a  large  producer,  its  aggregate  output  has 
been  large.  It  is  remarkable  for  the  great  number  of  wells  that  have 
continued  to  produce  for  several  years.  One  well  near  the  city  of  Cor- 
sicana has  yielded  oil  since  September,  1898. 

Two  distinct  kinds  of  petroleum  are  produced,  one  being  a  light 
oil  suitable  for  refining  and  the  other  being  much  heavier  and  better 
suited  for  fuel  oil.  The  light  or  high-gravity  oil  is  found  near  Cor- 
sicana, and  the  heavier  oil  farther  east  toward  Powell. 

Gas  has  been  found  at  various  places  in  the  oil  field,  but  most  of  the 
wells  have  had  a  small  production  and  have  lasted  only  a  short  time. 
The  only  commercially  important  gas  fields  near  the  town  of  Cor- 
sicana are  about  2f  miles  a  little  west  of  south  of  Powell  and  1  mile 
south  of  Chatfield.  These  two  fields  have  supplied  gas  to  the  city  of 
Corsicana.  The  Powell  field  has  an  approximate  length  of  1^  xniles 
and  a  width  of  a  quarter  to  half  a  mile.  Several  wells  have  been 
drilled  in  this  field,  the  most  productive  being  Stone  No.  2,  which  was 
about  890  feet  deep  and  had  a  pressure  of  375  pounds  to  the  square 
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inch.  This  well  suppUed  gas  to  the  city  of  Corsicana  for  about  three 
years.  There  was  so  much  salt  water  with  the  gas  that  it  was  neces- 
sary to  install  a  large  separator  at  the  well,  and  all  the  wells  subse- 
quently drilled  found  more  or  less  salt  water  associated  with  the  gas. 
Additional  wells  were  drilled  in  this  pool  to  supplement  the  supply 
from  the  first  well,  and  some  of  the  earlier  wells  are  now  dead.  Two 
or  three  of  the  wells  would  still  supply  some  gas,  but  the  pressure  is  so 
low  that  it  could  not  be  utilized  without  compressors,  and  it  is  doubt- 
ful if  the  amount  of  gas  that  could  be  obtained  from  the  wells  would 
warrant  the  expenditure  of  much  money  for  installing  compressors. 
The  gas  pool  near  Chatfield  occupies  an  area  of  about  the  same 
extent  as  the  one  near  Powell,  and  four  or  five  producing  wells  were 
drilled  in  it  The  gas  from  this  field  was  piped  to  the  city  of  Corsi- 
cana and  furnished  about  one-third  of  the  total  amount  used  before 
the  pipe  line  was  constructed  from  the  Mexia-Groesbeck  field.  At 
present  this  field  is  entirely  dead  and  the  casings  have  been  pulled 
from  the  wella 


Logs  of  weUs  near  Corsicana,  Powell,  and  Chatfield. 

Conlouia  P«tnlmui  Co.*  wstenrorks  well  N«.  SO. 

[Contractor,  R.  Walling.     Drilled  Apr.  SO-May  1,  1903.] 


Soil 

caay 

Shale 

Hock 

Shale 

Rock 

Shell 

Do 

Rock  and  shell. 

Sand 

Rock 

Salt-water  sand. 


No  show  of  oil  or  gas. 

Corsicana  Petroleam  Co.*  Kerr  well  No.  1. 

(Drilled  Nov.25to  Dec.  14,1901.    Dry  hole.    Filled  np  175  feet  with  salt  water  from  .sand  at  1,101-1499  feet.] 


Jointday 

Shale 

Water  eand 

Shale 

Lime  bowlder 

Blue  marl 

Hard  lime  bowlder. 

Blue  marl 

Blue  shells 

Shale — 

Salt-'v^tersand  — 

Blue  marl 

White  lime. 


40 

130 

135 

140 

142 

240 

243 

980 

1.186 

1.191 

1.199 

i.cxn 

1.609 
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Logs  of  wells  near  Oaraioana,  PoioeU,  and  CAol/leld— OontinuedL 

Contcana  Pctroleai  Cn^  L  B.  K«berta  well  N«.  S. 

[Drilled  by  Hoaston  OU  Co.  of  T«zbs,  Jan.  6, 1905.] 


Thlek- 


Sofl 

YflUovday. 
Hardblnuiii 

QfBTelaod  white  sand 

Brownish  shale. 

Black  quarts. 

BrowiUBh  shale. 

Top  of  first  gas  sand 

Through  sand  into  shale,  good  gas  pressure. 
Shale. 


More  gas  sand  and  better  pressure 

Shale. 

Salt-water  sand 

Shale  and  bluish  mud;  abandoned  at  this  depth.. 


38L5 
440.3 
8M.1 

1,003 

1,0217 

1.033 

1.0« 

1.1M.2 


Ceralcaiui  PetroleBB  Ca^  Whifteadle  wdL 
pifDed  Feb.  15-Mar.  5, 1004.] 


Son 

Clay 

Shale 

Roc5k 

Shale 

Rock,  yery  bard;  case  barrel 

Shale. 

Rock,  very  hard 

Shale 

Rock 

Shale 

Rock 

Shale 

Gumbo 

Shale 

Gumbo. 

Shale 

Rock,  hard  in  places 

Sand;  no  gas,  some  water. . . 
Shale 


5 

5 

16 

31 

45 

« 

1 

e: 

195 

263 

3 

365 

9 

274 

8 

277 

24 

301 

1 

302 

18 

330 

1 

321 

U9 

460 

14 

474 

3S7 

Ml 

6 

m 

220 

1,065 

4 

1.0!O 

2S 

1.(85 

55 

M» 

Slight  traces  of  oQ  at  1,065  feet 


Anderson  well  Na.  7,  Chatllcld. 

prilled  Nov.  11, 1908.] 


Clay 

Rock 

Clay 

Sand 

Shale  and  gumbo . 
Gas  sand 


10 
U 
45 

lOS 


Boberts  well  Na.   1. 

[I>rmed  Sept  20, 1907.] 


Clay 

Rock 

Sand 

Shale  and  gumbo. 
Gas  sand 


3 
114 
086} 

10 


57 

CO 

174 

m 
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Log$  of  iceil8  near  Caraicana,  PaweU^  and  Chat  field — Ck>ntinued. 

8toB«  w«ll  N«.  s. 


Depth. 


CUrandcnTel 

Rocfc.'.mm.'.'!!!!!!!. !..'.''!! 

Sand;  aliaired  both  oU  and  gas . 

Sand  and  shale 

Hard  sand  and  shale 

Cap  rock  and  sand 

Sand  rock 

Cap  rock 

Sand. 


The  oil  and  gas  found  near  Corsicana  and  Chatfield  are  obtained 
from  two  or  more  sand  beds  in  the  upper  portion  of  the  Upper 
Cretaceous  series,  probably  the  Navarro  formation.  The  well  logs 
have  a  particular  interest  because  the  surface  formation  near  Corsi- 
cana is  of  about  the  same  geologic  age  as  the  gas  sand  at  Mexia  and 
Groesbeck,  and  the  wells  at  Corsicana  show  the  presence  of  sands  in 
either  the  Navarro  or  the  Taylor  formation  below  the  horizon  of  the 
sand  that  supplies  gas  in  the  Mexia-Groesbeck  field.  Sands  have 
been  found  at  still  greater  depth  near  Corsicana  in  the  water  wells 
of  the  city  and  in  a  deep  well  at  the  Magnolia  Petroleum  Co.'s 
refinery.  The  relation  of  these  deep  sands  to  the  producing  sands 
is  shown  in  the  diagram  of  the  refinery  well  (PI.  VII,  p.  78).  The 
water  obtained  from  these  deep  sands  is  relatively  pure,  though  it 
contains  enough  salt  to  give  it  a  brackish  taste.  These  sands  can 
not  be  expected  to  be  productive  in  the  vicinity  of  Corsicana,  but 
they  might  supply  oil  or  gas  in  the  gas  field  south  of  Powell  and 
possibly  also  at  Chatfield. 

CASH. 

The  accompanying  diagram  (fig.  12)  shows  the  relations  of  three 
wells  that  have  been  drilled  in  the  vicinity  of  Cash.  Both  Nos.  1  and 
2  are  shallow  wells.  No.  1  has  a  little  showing  of  gas  and  a  small 
volume  of  salt  water.  No.  2  contains  enough  gas  to  cause  a  heavy 
flow  of  salt  water,  and  it  is  necessary  to  keep  the  well  capped  to  avoid 
flooding  the  surrounding  land.  This  well  might  possibly  be  utilized 
to  supply  a  house,  as  the  amount  of  gas  would  apparently  be  ample 
for  that  purpose.  Both  of  these  wells  penetrate  a  shallow  sand  that 
is  probably  an  approximate  equivalent  to  the  oil  or  gas  sands  of 
Corsicana.  Well  No.  3  has  been  drilled  to  a  greater  depth  and  found 
showings  of  oil  and  gas  in  the  Woodbine  sand.  It  did  not  encounter 
an  appreciable  amount  of  gas  in  the  shallow  sands  that  supplied  the 
showings  in  wells  Nos.  1  and  2. 

The  amount  of  information  available  concerning  the  area  near 
Cash  is  not  sufficient  to  warrant  suggestions  as  to  further  prospecting, 
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but  the  fact  that  the  sands  are  mnch  hi^er  than  the  sands  that  are 
correlated  with  them  at  Quinlan  and  Terrell  and  are  reported  to  be 

higher  than  the 
sands  of  the  same 
age  at  Greenville 
suggests  that  there 
may  be  an  anti- 
cline near  Cash 
and  makes  it  seem 
advisable  to  con- 
tinue prospecting. 
A  few  miles 
south  of  Cash  in 
the  vicinitv  of 
Quinlan  some  shal- 
low wells  encoun- 
tered small  show- 
ings of  gas  in  a 
sand  that  is  prob- 
ably   the    equiva- 

FxGDBa  12. — DitLgnm  ihowlng  the  relations  of  welli  drilled  at    J^nt  of  the  shallow 

Cash.  , 

gas  sand  at  Cash. 

The  accompanying  diagram  (fig.  13)  shows  the  distribution  of 
wells  that  were  drilled  in  the  vicinity  of  Mabank,  and  the  figures 
given  show  the  depths  of  the  gas-bearing  sand  below  sea  level.  All 
these  wells,  except  the  one  northeast  of  Mabank,  supplied  small 
amounts  of  gas  with  salt  water,  but  the  structure  suggested  by  the 
elevations  of  the  gas  sand  is  too  flat  to  warrant  the  drilling  of  addi- 
tional wells  with  the  expectation  of  finding  commercial  quantities  of 
gas  within  the  area  shown  by  the  diagram. 

In  the  region  near  Mabank  the  Midway  formation  is  at  the  surface 
and  the  wells  penetrate  the  Cretaceous  rocks  for  a  considerable  dis- 
tance. It  is  therefore  inferred  that  the  gas  sand  in  this  region 
belongs  to  the  Navarro  formation  and  that  it  may  be  tentatively  cor- 
related with  the  gas  sand  of  the  Mexia-Groesbeck  field.  Deeper  sands 
may  be  struck  in  the  Cretaceous  rocks  at  Mabank,  but  they  are  prob- 
ably of  little  economic  importance,  because  the  folding  there  is  not 
sufficiently  pronounced  to  permit  the  accumulation  of  much  gas  or  oil. 


Gas  has  been  found  at  Baileyville,  Koose,  Thornton,  Groesbeck, 
Mexia,  Wortham,  Currie,  Richland,  Corsicana,  Powell,  Chatfield, 
Mabank,  Cash,  and  Cooper.    At  unly  three  of  these  places  have  wells 
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furnished  gas  in  commercial  quantities  and  at  only  two  have  wells 
furnished  oil ;  but  the  significance  of  the  presence  of  gas  in  the  area 
between  Baileyville  and  Cooper  is  not  affected  by  the  commercial 
value  of  the  discoveries  that  have  been  made.  These  discoveries 
show  the  presence  of  gas-bearing  sands  through  this  belt,  and  inves- 


FiGCEB  13. — Diagram  sbowlng  the  relations  of  wells  drilled  at  Mabank. 

tigations  indicate  that  the  dip  of  the  beds  here  is  not  uniformly 
toward  the  southeast  but  is  interrupted  by  terraces  and  minor  rever- 
sals of  dip.  Sructure  favorable  to  the  accumulation  of  oil  or  gas, 
similar  to  that  at  Mexia,  Groesbeck,  Powell,  and  Corsicana,  will  no 
doubt  ultimately  be  discovered  in  this  region,  which  is  therefore 
regarded  as  a  possible  oil  and  gas  field. 


NOTES  ON  THE  GAS  FIELDS  OF  CENTRAL  AND  SOUTHERN 

OKLAHOMA. 


By  Cabroll  H.  Wegemann. 


THE   GENERAL   SITUATION. 

Scattered  through  Muskogee,  Okmulgee,  and  northern  Mcintosh 
counties,  along  the  southern  edge  of  the  great  Oklahoma  oil  and  gas 
fields,  are  numerous  areas  that  have  produced  natural  gas  in  great 
quantities.  .  Fields  near  Henryetta,  Schulter,  Okmulgee,  Boynton, 
Haskell,  and  Muskogee  contain  wells  whose  initial  flows  are  reported 
to  have  ranged  from  a  few  million  to  40,000,000  cubic  feet  a  day. 
Over  much  of  the  area  the  gas  is  directly  associated  with  oil  pools 
and  has  been  developed  and,  it  must  be  admitted,  wasted  in  con- 
nection with  the  production  of  oil.  The  gas  is  found  in  the  oil 
sands  and  in  sands  overlying  them  and  has  proved  more  or  less  of  a 
hindrance  in  the  immediate  production  of  oil.  The  far-reaching 
effects  of  the  presence  of  the  gas  in  increasing  the  amount  of  oil 
recoverable  from  the  sands  has  been  appreciated  by  few  of  the  oil 
operators.  The  various  methods  of  wasting  the  gas  above  ground 
or  beneath  the  surface  have  been  discussed  too  often  to  require  de- 
scription here,  but  the  fact  remains  that  vast  stores  of  valuable  gas 
have  been  dissipated,  and  that  even  now  it  is  difficult  for  companies 
interested  in  the  preservation  of  the  gas  to  avoid  the  bad  effects  of 
too  heavy  drains  on  the  gas  reservoirs  in  neighboring  properties  over 
which  they  have  no  control.  The  Bureau  of  Mines  and  the  State 
authorities  have  already  taken  steps  to  conserve  the  remaining  gas 
supplies,  and  it  is  believed  that  their  action  will  eventually  lead  to 
greatly  improved  conditions  in  the  gas  fields. 

Active  drilling  is  still  in  progress  in  the  Muskogee-Okmulgee  field, 
and  new  areas  of  productive  oil  and  gas  territory  are  being  brought 
in.  XJndrained  areas  of  gas  probably  remain  in  the  vicinity  of  some 
of  the  old  oil  fields.  It  is  doubtful  if  other  gas  pools  as  great  in  ex- 
tent as  those  already  developed  will  be  found  in  this  old  area,  but  it 
seems  safe  to  say  that  careful  drilling  throughout  this  area  may  open 
many  large  gas  wells  whose  product  cduld  be  utilized  if  pipe  lines 
were  available.  It  is  evident,  however,  from  the  amount  of  drilling 
already  done  in  the  region  and  the  quantities  of  gas  already  taken 
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out  that  the  productive  gas  wells  yet  to  be  drilled  must  be  scattered 
over  a  considerable  area,  and  the  expense  involved  in  building  lines 
to  them  will  be  proportionately  great — so  great,  perhaps,  as  to  re- 
duce considerably  the  distance  to  which  the  product  can  be  trans- 
ported with  commercial  success. 

The  life  of  gas  wells  in  this  region  varies  greatly,  being  governed 
by  the  thickness  and  porosity  of  the  various  sands,  but  most  of  all  by 
the  methods  used  to  prevent  waste  and  the  management  of  adjacent 
wells.  A  few  wells  that  show  large  volumes  when  brought  in  decline 
quickly  in  production,  probably  because  the  gas  sands  that  supply 
them  are  of  small  extent.  The  rapid  decline  of  other  wells  and  their 
"  drowning  "  with  salt  water  are  undoubtedly  the  result  of  drawing 
too  heavily  on  them  or  on  wells  adjacent  to  them.  However,  it  is 
not  unusual  to  find  wells  which  under  careful  management  have 
yielded  gas  for  two  or  three  years  with  but  little  diminution  in 
volimie. 

South  of  the  main  area  of  the  oil  and  gas  fields  above  described 
and  separated  from  it  by  broad  stretches  of  unproductive  territory 
are  several  gas  fields,  recently  developed,  in  which  the  gas  does  not 
appear  to  be  associated  with  oil  in  any  great  quantity.  Two  of  these 
fields  have  been  examined  by  the  writer,  and  brief  descriptions  of 
them  are  given  below.  Additional  details  will  be  given  later  in 
a  report  with  maps  covering  portions  of  the  region  discussed  in  these 
notes. 

CHECOTAH  GAS  FIEIiD. 

The  Checotah  gas  field  lies  about  5  miles  south  of  the  town  of  Che- 
cotah,  in  Mcintosh  County.  The  first  productive  well  was  completed 
on  February  10, 1914,  and  up  to  the  time  of  the  writer's  examination 
(November,  1915)  seven  gas  wells  had  been  drilled,  having  initial 
volumes  ranging  from  1,500,000  to  15,000,000  cubic  feet  a  day.  The 
principal  yield  of  gas  is  obtained  at  depths  ranging  from  1,970  to 
2.100  feet,  although  gas  in  paying  quantities  (1,000,000  to  2,000,000 
cubic  feet  a  day)  is  found  in  most  of  the  wells  at  600  to  700  feet  below 
the  surface,  and  in  some  parts  of  the  field  a  third  gas  sand  at  depths 
of  1,500  to  1,600  feet  is  reported.   A  list  of  the  wells  follows : 

Green  River  No.  1,  SW.  }  SW.  }  sec.  29,  T.  11  N.,  R.  17  B. ;  completed  Feb.  10, 

1914. 
Green  River  No.  2,  NB.  i  NW.  }  sec.  32,  T.  11  !{.,  R.  17  B. ;  completed  June  7, 

1914. 
Green  River  No.  3,  SW.  i  SB.  i  sec.  30,  T.  11 N.,  R.  17  B. ;  completed  Oct  22, 1915. 
Gladys  BeU  No.  1,  SW.  i  SB.  i  sec  29,  T.  11 N.,  R.  17  B. ;  completed  Oct.  20, 191S. 
Gladys  Bell  (Bunker  HiU  Oil  Ca  No.  1),  SW.  }  SB.  i  sec.  36,  T.  11  N..  R.  16  B.; 

completed  July,  1914. 
Markowitz  &  Kell,  C.  D.  Cook  No.  1,  SB.  1  SW.  1  sec.  25,  T.  11 N.,  R.  16  E. 
A  shallow  well,  645  feet  in  depth,  in  the  SW.  }  NB.  i  sec.  32,  T  11  N.,  R.  17  B. 
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Four  dry  holes  have  been  put  down  in  the  vicinity  of  the  field,  in 
the  NE.  i  NE.  i  sec.  85,  T.  11  N.,  R.  17  E.,  and  the  SE.  {  SW.  i  sec.  4, 
NW.  J  NW.  i  sec.  16,  and  NW.  i  NW.  i  sec.  20,  T.  11 N.,  R.  16  E. 

The  structural  feature  on  which  the  gas  is  found  appears  to  bo 
a  dome  slightly  longer  than  broad,  its  longer  iixis  trending  in  n 
northeasterly  direction.  Wells  Nos.  1  and  2  of  the  Green  River  Oil 
Co.,  in  the  SW.  i  SW.  i  sec.  29  and  the  NE.  i  NW.  J  sec.  32,  T. 
11  N.,  R.  17  E.,  appear  to  be  on  the  crest  of  the  dome.  From  these 
wells  the  gas  pool  probably  extends  for  about  2  miles  to  the  south- 
west and  possibly  farther,  its  limits  not  having  yet  been  fully  defined. 
If  the  structure  is  fairly  regular,  as  it  appears  to  be  from  the  rather 
meager  data  at  hand,  the  gas  pool  may  be  expected  to  extend  for 
about  1|  miles  northwest  and  southeast  of  Green  River  wells  Nos.  1 
and  2,  or,  in  other  words,  the  gas  pool  probably  has  a  width  of 
about  3  miles.  Its  extent  toward  the  northeast  is  uncertain,  but  it 
seems  reasonable  to  assume  that  the  pool  may  extend  in  this  direction 
for  a  mile  or  a  mile  and  a  half  from  its  highest  point.  The  area 
of  the  gas  pool  as  a  whole  is  probably  about  10  square  miles.  It 
seems  unlikely  that  oil  will  be  found  in  large  amount  associated  with 
the  gas  of  this  field,  although  it  must  be  admitted  that  the  borders 
of  the  gas  territory  have  not  yet  been  tested. 

The  rocks  in  the  Checotah  field  belong  to  the  Pennsylvanian  series 
of  the  Carboniferous  system,  as  shown  by  the  presence  of  a  coal  bed 
about  3  feet  thick,  reported  in  the  logs  of  some  of  the  wells  at  about 
800  feet.  The  strata  recorded  in  the  several  well  logs  appear  to  be 
comparatively  uniform  in  thickness,  and  exact  correlations  can  there- 
fore be  made  between  the  wells.  The  sand  from  which  the  principal 
supply  of  gas  is  derived  is  about  50  feet  thick,  but  the  gas  is  not 
distributed  evenly  through  the  sand,  lying  rather  in  pay  streaks, 
each  of  which  is  from  5  to  20  feet  in  thickness. 

A  gas  field  10  square  miles  in  area,  with  wells  yielding,  according 
to  reports,  from  1,500,000  to  15,000,000  cubic  feet  of  gas  as  initial 
daily  production,  is  capable  of  producing,  if  properly  drilled,  an 
enormous  quantity  of  gas.  The  life  of  the  wells  and  the  life  of  the 
field  as  a  whole  will  of  course  depend  on  the  care  with  which  the 
gas  supplies  are  protected  from  leakage  and  from  invasion  by  water. 

Some  evidence  noted  in  the  field,  which  was  not,  however,  amplified 
by  a  detailed  examination,  seems  to  show  that  the  dome  on  which 
the  gas  wells  are  located  lies  on  a  general  axis  of  uplift  extending  in 
a  northeasterly  direction,  and  it  is  possible  that  other  small  domes 
may  be  discovered  on  this  axis  to  the  northeast  of  the  present  field. 

ADA  GAS  FTBIiD. 

The  Ada  gas  field  is  in  Pontotoc  County,  one  mile  west  of  the  town 
of  Ada.    The  field  has  been  developed  within  the  last  15  months,  and 
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up  to  the  time  of  the  writer's  examination  (November,  1915)  10 
gas  wells  had  been  put  down,  all  in  T.  4  N.,  R.  6  E.,  as  follows: 

MacThwalte  Oil  &  Gas  Co. :  . 

Allen  No.  1,  SW.  i  NE.  }  SB.  }  sec.  31. 

Allen  No.  2.  NE.  i  NE.  i  SE.  i  sec.  31. 

Carney  No.  1,  SW.  i  SE.  i  NW.  i  sec.  31. 

Harden  No.  1,  SE.  }  SE.  i  NE.  i  sec.  31. 

Charlton  No.  1.  SE.  i  SAV.  i  sec.  31. 

Erwln  No.  1,  NB.  1  SE.  }  SE.  i  sec.  31. 
Skelly  &  Sankey : 

Bruner  No.  1,  NW,  i  SW.  1  SE.  }  sec.  31. 

City  of  Ada  No.  1,  NW.  i  NE.  i  SE.  }  sec.  31. 

Ford  Harris  No.  1,  NW.  }  SW.  }  NW.  i  sec.  32. 
Skelly  Cantwell  No.  1.  NW.  i  SW.  }  SW.  i  sec.  32. 
Rex  Oil  &  Gas  Co. :  Cassle  Leader  No.  1,  SW.  i  SE.  i  sec.  30. 

Both  the  surface  rocks  and  those  encountered  in  the  wells  belong 
to  the  upper  part  of  the  Carboniferous  system  and  consist  of  sand- 
stones, limestones,  and  shales  that  vary  considerably  in  thickness  and 
character  from  one  well  to  the  next,  so  that  it  is  somewhat  difficult 
to  make  accurate  correlations  from  the  well  logs.  The  gas  pool  ap- 
pears, however,  to  be  situated  on  a  small  dome  the  longer  axis  of  which 
trends  N.  72°  E.  The  dome  appears  to  be  somewhat  irregular,  and  it 
is  probable  that  the  lower  limit  of  the  gas  pool  is  by  no  means  a  hori- 
zontal plane.  On  the  southwest  and  northwest  the  gas-producing  area 
is  limited  by  dry  holes,  but  on  the  northeast  prospecting  is  still  in 
progress,  and  the  extent  of  the  pool  in  that  direction  is  as  yet  un- 
known. It  is  probable,  however,  from  the  shape  of  the  fold  as  already 
apparent,  that  the  gas-producing  area  is  not  more  than  1^  square 
mile^. 

The  principal  supply  of  gas  is  found  at  depths  ranging  from  1,000 
to  1,200  feet  and  is  derived  in  most  of  the  wells  from  two  beds  of 
sandstone  which  range  from  10  to  40  feet  in  thickness  and  are  sepa- 
rated by  25  to  50  feet  of  shale.  The  initial  flows  of  the  wells  range 
from  2,500,000  to  16,000,000  cubic  feet  of  gas  a  day,  and  the  initial 
rock  pressure  runs  as  high  as  440  pounds.  Single  wells  appear  to  be 
capable  of  producing  without  injury  between  400,000  and  500,000 
cubic  feet  of  gas  daily.  One  of  the  wells  shows  a  little  oil  when  the 
gas  is  drawn  on  heavily,  but  oil  in  notable  quantity  has  not  yet  been 
found  in  this  field. 

POOLS  IN  CARTER  AND   STEPHENS  COUNTIES. 

No  report  on  the  gas  fields  of  central  and  southern  Oklahoma 
would  be  complete  without  reference  to  the  gas  pools  in  Carter  and 
Stephens  counties.    In  Carter  County  the  largest  gas  wells  are  found 
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at  the  southeast  extremity  of  the  Healdton  oil  pool/  in  sec.  15,  T.  4  S., 
E.  3  W.  The  initial  volume  of  one  of  these  wells,  drilled  in  February, 
1915,  was  reported  as  40,000,000  cubic  feet  a  day.  Gas  sands  above 
the  principal  oil  sands  are  found  in  most  of  the  oil  wells  on  the  Heald* 
ton  dome,  and  large  supplies  of  gas,  to  which  little  attention  is  paid, 
have  already  been  developed  in  the  search  for  oil  in  this  field.  In 
October,  1915,  a  gas  well  with  an  initial  volume  of  18,000,000  cubic 
feet  a  day  was  drilled  southwest  of  the  village  of  Fox,  about  8  miles 
north  of  the  Healdton  field. 

In  the  Loco  field,*  which  lies  in  sees.  9, 10,  and  15,  T.  2  S.,  R.  5  W., 
3  miles  southwest  of  the  town  of  Loco,  9  productive  wells  have  been 
drilled  which  have  tested  a  territory  about  li  square  miles  in  extent. 
The  gas  wells  range  in  initial  volume  from  about  6,000,000  to  20,000,- 
000  cubic  feet  a  day.  The  gas  has  not  yet  been  utilized,  but  it  is  under- 
stood that  a  pipe  line  to  the  field  is  contemplated. 

The  Duncan  gas  field  ■  lies  in  sec.  12,  T.  1 N.,  R.  6  W.,  about  10  miles 
northeast  of  the  town  of  Duncan,  or  15  miles  north  of  the  Loco  field. 
Six  gas  wells  have  been  drilled,  all  in  one  section,  and  the  producing 
territory  is  probably  of  comparatively  small  extent.  The  wells,  how- 
ever, show  initial  volumes  of  3,000,000  to  18,000,000  cubic  feet  a  day, 
and  the  town  of  Duncan  obtains  its  gas  supply  from  them. 

GAS  FROM  DEEPER  SANDS. 

In  these  notes  no  consideration  has  been  given  to  the  possibilities 
of  striking  deeper  sands  in  the  pools.  There  should,  in  fact,  be  a 
number  of  underlying  sands  in  thePennsylvanian  series  in  most  of  the 
pools,  though  it  can  not  be  certainly  predicted  whether  they  will  be 
found  to  contain  gas,  oil,  or  water.  The  pools  farther  south,  such  as 
the  Checotah  pool,  are  more  likely  to  contain  gas  than  oil  in  large 
amounts  in  the  deeper  sands.  If  gas  is  present  in  lower  sands  it 
should  be  under  greater  pressure  and  therefore  more  productive  area 
for  area.  It  will  be  noted  that  the  drilling  in  these  pools  has  gen- 
erally gone  but  little  below  2,000  feet,  some  of  the  wells  being  less 
than  1,200  feet  deep.  In  the  course  of  time  these  pools  will  undoubt- 
edly be  drilled  imtil  the  lowest  sands  that  can  be  reached  by  modern 
methods  have  been  tapped. 

1  Wegemann,  C.  H.,  and  Heald,  K.  C,  The  Healdton  oil  Held,  Carter  County,  Okla. :  U.  S. 
Geol.  Survey  Bull.  621,  pp.  IS-SO,  1915  (Bull.  621-B). 

'  Wegemann,  C.  H.,  The  Loco  gas  field,  Stephens  and  Jefferson  counties,  Okla. :  U.  S. 
Geol.  Survey  Bull.  621,  pp.  31-42,  1015  (Bull.  621-C). 

■  Wegemann,  C.  H.,  The  Duncan  gas  field,  Stephens  County,  Okla. :  U.  8.  Geol.  Survey 
Bull.  621,  pp.  43-50,  1015  (Bull.  621~D). 
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CONCIiUSIONS  RBOARDINO  OKIiAHOMA. 

In  conclusion  it  may  be  stated  that  the  gas  resources  of  central  and 
southern  Oklahoma  are  sufficient,  if  protected  from  waste  and  prop- 
erly handled,  to  furnish  supplies  to  such  cities  as  Dallas  and  Fort 
Worth  for  years  to  come.  The  gas  is,  however,  for  the  most  part  dis- 
tributed over  large  areas  in  many  pools  of  comparatively  small  aze, 
and  it  may  prove  unprofitable  under  present  conditions  to  build  pipe 
lines  of  sufficient  extent  to  collect  it.  Among  the  larger  gas  pools 
may  be  mentioned  the  field  south  of  Checotah,  in  Mcintosh  County, 
which  is  at  present  being  drilled.  The  large  supplies  of  gas  in  the 
immediate  vicinity  of  the  Healdton  oil  field  are  worthy  of  careful 
consideration,  especially  since  the  bringing  in  of  the  new  gas  well 
near  Fox,  north  of  the  field,  which  suggests  the  possibility  of  the 
presence  of  other  gas  pools  in  this  vicinity. 
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